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ABSTRACT 


Spontaneous  ignition  phenomena  have  been  evaluated  for  eight 
experimental  hydraulic  fluids.  The  technique  of  thermo-electric  flame 
detection  has  been  us^d  to  determine  the  minimum  spontaneous  ignition 
temperature  for  each  system  in  air  at  one  atmosphere  pressure. 
Differential  thermal  analysis  has  been  employed  for  the  study  of  the 
thermal  and  oxidative  degradation  of  two  experimental  lubricants  in 
the  presence  of  several  metal  oxide  catalysts.  Six  other  lubricant 
systems  without  added  catalytic  agents  have  been  subjected  to 
differential  thermal  analysis  to  evaluate  their  resistance  to  thermal 
and  oxidative  decomposition.  The  standard  MIL-H-27601A  constant 
temperature  thermal  stability  apparatus  has  been  modified  to  permit 
the  measurement  and  recording  of  pressures  developed  during  the  course 
of  the  test.  Several  materials  have  been  evaluated  by  means  of  the 
modified  procedure.  The  chemical  and  physical  properties  of  various 
lubricants  and  hydraulic  fluids  have  h“en  determined.  Emphasis  has 
been  directed  but  not  exclusively  confined  to  the  study  of  properties 
which  are  related  to  the  attainment  of  effective  lubrication  at 
elevated  temperatures. 
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1.  SPONTANEOUS  IGNITION  OF  EXPERIMENTAL  HYDRAULIC  FLUIDS 


1.1 _ Introduction : 

During  the  past  reporting  period  the  spontaneous  ignition 
properties  of  eight  experimental  hydraulic  fluids  have  been  studied. 

The  current  investigations  comprise  part  of  a  larger  program  of  study, 
portions  of  which  have  been  described  in  previous  reports  in  this  series. 
The  design  and  construction  of  the  spontaneous  ignition  apparatus  and 
discussion  of  the  technique  of  thermoelectric  flame  detection  may  be 
found  in  Reference  2.  Various  applications  of  the  apparatus  and  methods 
described  therein  to  a  variety  of  experimental  and  operational  hydraulic 
fluid  systems  are  described  in  References  3,  4  and  5. 

It  has  been  found  use  fill  as  well  as  convenient  to  define  several 
terms  which  relate  to  spontaneous  ignition.  These  have  been  published 
previously  (Reference  3)  but  are  repeated  at  this  point  for  the  convenience 
of  the  reader. 

(1)  The  spontaneous  ignition  temperature  (SIT)  is  the 
lowest  temperature  at  which  hot-flame  ignition  is 
found  for  a  given  sample  volume  in  an  ignition 
chamber  of  specified  size. 

(2)  For  a  given  ignition  chamber  volume  the  lowest 
(SIT)  for  any  sample  size  is  (SIT)s. 

(3)  For  a  giveu  sample  size  the  lowest  (SIT)  for 
any  chamber  volume  is  (SIT)v< 

(4)  The  lowest  fSTT)  for  any  chamber  volume  and 
sample  size  ;s  (SIT)sv. 

*.5)  The  reaction  threshold  is  the  lowest  temperature 
for  a  given  sample  size  and  chamber  volume  at 
which  a  measurable  exothermic  effect  can  be 
observed  subsequent  tc  th-  introduction  of  the 
sample. 


The  usual  term  fuel/air  or  sample/air  ratio  has  not  been 
employed  in  these  studies  because,  although  a  measured  volume  of  the 
liquid  sample  may  be  introduced  into  the  ignition  system,  it  is  unusual 
for  complete  volatilization  to  occur.  The  most  common  occurrences  are 
the  partial  evaporation  of  the  sample  followed  by  the  ignition  of  the 
gaseous  components  or  the  thermal  degradation  of  the  fluid  tc  produce 
gaseous  decomposition  products  which  then  ignite  if  they  aie  exposed 
to  a  temperature  sufficiently  high  to  cause  their  spontaneous  combustion. 

In  either  case  the  determination  of  the  actual  volume  of  vapor  formed 
would  be  a  fairly  difficult  procedure  which  would  be  of  small  benefit 
in  the  overall  assessment  of  resistance  to  spontaneous  ignition.  The 
effort  required  to  obtain  fuel/air  ratios  under  these  circumstances 
is  not  justified  by  the  information  yielded  therefrom.  Instead  the 
liquid  sample  volume  used  and  the  ignition  chamber  capacity  are 
recorded  for  each  system  which  has  been  studied. 

The  investigation  of  the  spontaneous  ignition  properties  of  the 
eight  systems  described  in  this  report  has  been  confined  to  a  single 
chamber  size.  The  properties  (SIT)  and  (SIT)  have  been  determined  for 
each  sample.  In  addition  the  reaction  threshold  has  been  measured  for 
one  sample  size  in  a  chamber  of  the  same  volume  used  for  the  other 
determinations . 

1.2 _ Apparatus  and  Procedures: 

The  apparatus  procedures  and  definitions  used  are  the  same  as 
those  which  have  been  described  in  earlier  reports  (References  2,  3,  4,  S) . 
Air  at  1.0  atm.  pressure  was  the  oxidizing  medium  in  all  experiments. 

A  one-liter  borosilicate  glass  combustion  chamber  was  used.  The  combustion 
chamber  was  removed  and  cleaned  after  each  experimental  run  in  which 
visible  deposits  were  observed  subsequent  to  the  completion  of  combustion 
reactions.  This  necessitated  replacement  of  the  chamber  after  virtually 
every  experimental  run. 


2 


Sample  introduction  was  accomplished  by  means  of  an  automatic 
repeating  pipet  with  an  18"  stainless  steel  hypodermic  needle.  The 
needle  for  all  experiments  had  a  0.109"  O.D.  with  0.08S  I.D.  The  end 
of  the  needle  was  constricted  to  an  opening  approximately  0.010"  x  0.085". 
This  needle  has  been  identified  in  the  experiments  to  follow  as,  "Needle  A." 

All  experimental  runs  were  accomplished  with  an  iron -const ant an 
element  in  the  thermoelectric  flame  detection  system.  In  no  case  was 
there  evidence  of  interaction  either  catalytic  or  otherwise  between  the 
thermocouple  materials  and  any  of  the  samples  which  were  investigated. 

1.3 _ Experimental  Results  and  Discussion: 

1.3.1  MLO-64-4.  See  Table  I  and  Figures  1  through  7. 

Runs  made  with  sample  sizes  of  0.2,  0.5  and  1.0  ml.  in  the 
1000  ml.  combustion  chamber  were  found  to  exhibit  typical  hot -flame,  cool- 
flame,  and  pre-ignition  type  reactions.  Runs  12  and  14,  Figures  1  and  2 
are  representative  of  the  pre -ignition  reactions.  Runs  5  and  21,  Figures  Z 
and  4,  illustrate  the  cool -flames  while  Runs  2  and  26,  Figures  5  and  6  show 
typical  hot-flame  ignitions. 

The  minimum  temperature  at  which  hot-flame  ignition  may  be  expected 
to  occur  is  determined  from  the  plot  of  observed  spontaneous  ignition 
temperature  vs.  sample  size  shown  in  Figure  7.  The  minimum  spontaneous 
ignition  temperature,  (SIT)s,  is  found  to  be  670  deg.  F.  The  reaction 
threshold  for  the  0.2  ml.  sample  series  is  423  deg.  F. 

1.3.2  MLO-64-5.  See  Table  II  and  Figures  8  through  12. 

In  the  processes  involved  in  the  spontaneous  ignition  of  sample 
MLO-64-5  no  cool-flame  reactions  were  observed.  The  transition  from  pre¬ 
ignition  reactions  to  hot -flames  as  the  temperature  of  tne  coabustion 
chamber  is  increased  apparently  proceeds  without  the  occurrence  of 
intermediate  cool-flames.  Runs  2  and  13,  Figures  8  and  9  illustrate  the 
pre-ignition  reactions.  Runs  4  and  20  are  typical  of  the  observed  hot- 
flame  ignitions. 
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T'JBLE  T 

SAMPLE  NUMBER  MLOufli-'i 

SPONTANEOUS  IGNITION  TEMPERATURE 
Needle  A 

1COC  ml*  chan.ber  -  Iron- Cons tantar  Thermocouple 
TYPE  OF  REACTION 


Run 

Sample 

Size, 

ml. 

Initial 

Temp., 

. frfr  £i 

Max. 
Rise, 
deg.  F. 

Pre- 

Ignition 

Cool 

Flame 

itot 

Flame 

Delay, 

Sec. 

Observations 

1 

l.C 

670 

46 

X 

]+3 

2 

1 

676 

17C 

X 

22 

Grange  flame,  explosion 

| 

67c 

53 

X 

48 

4 

562 

179 

X 

20 

Orange  flame,  explosion 

5 

0.5 

067 

57 

X 

47 

!  C 

07c 

173 

X 

15 

Orange  flame,  explosion 

j  7 

t 

676 

127 

X 

17 

Orange  flame,  explosion 

1  ^ 

0.2 

423 

0 

X 

0 

!  + 

^35 

5 

X 

:  1C 

475 

9 

X 

11 

| 

495 

14 

X 

12 

505 

21 

X 

13 

540 

30 

X 

16c 

14 

543 

31 

X 

134 

15 

' 

5o0 

44 

X 

*0 

15 

572 

45 

X 

52 

17 

595 

‘‘5 

X 

5? 

*  ' 

-05 

45 

X 

5C 

i: 

515 

34 

X 

!*5 

•>. 

-35 

«1 

X 

4o 

21 

^5 

51 

X 

-■» 

cC  — 

3*7 

41* 

X 

*5 

-3 

o?C 

>  *\ 

** 

V 

A 

I,  " 

-73 

243 

X 

11 

Orange  flame,  explosion 

-5 

•3*2 

175 

X 

14 

Orange  flame,  explosion 

«_  - 

^v5 

227 

V 

13 

Ctmsiy  flame,  explosion 

4 


FIGURE  1.  MLO-64-*.  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  12 
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SAMPLE  SIZE,  ml. 


MINtMJM  SPONTANEOUS  IGNITION  TEMPERATURE 
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t.\2te:  11 

SAMPLE  NUMBER  MLO-64-5 

SPONTANEOUS  IGNITION  TEMPERATURE 
Needle  A 

100C  ml.  chamber  -  Iron- Cons tanten  Thermocouple 


!  Run  Sample  Initial  Max. 

{  Size,  Temp.,  Rise, 

ml.  deg.  F.  dec.  F. 


9 

U3C 

7 

1C 

U33 

10 

11 

443 

12 

12 

UUP 

3 

13 

450 

12 

li* 

U55 

127 

l? 

U55 

156 

lo 

U55 

61 

17 

i 

U7  0 

lol 

;  1'  0.1 

Wi 

v) 

«✓ 

i 

1  11/ 

449 

7 

2T. 

^51  '  ' 

LSI 

TYPE  OF  REACTION 

Pre-  Cool  Hot  Delay,  Observations 

Ignition  Flame  Flame  Sec. 


X  156  Orange  flame,  explosic 

X  $5  Orange  flame,  explosic 

X  129  Orange  flame,  explosic 


Orange  flame,  explosio 
(Grange  flame,  explosio 
Change  flame,  explosio 
Grange  flame,  explosio 


Swokc,  oreae  flasae 


i 


FIGURE  8.  MLO-64-5 ,  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  2 


FIGURE  9,  MLO-64-5 ,  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  13. 


MLO-64-5 
RUN  20 


FIGURE  U.  RLO-64-5. 


SPOHTAKEOUS  IOilTIOW  TEMFERATU«.  20  - 
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MIN.  IGNITION  TEM 


FI  GUIS  12.  MINIMUM  SPOMTWBOU5  IQUT1QN  EMTUW . 


1? 


The  lowest  temperature  for  which  a  hot -flame  ignition  may  be 
expected  is  determined  from  Figure  12  in  which  spontaneous  ignition 
temperature  is  plotted  as  a  function  of  sample  size.  It  may  be  seen 
that  the  spontaneous  ignition  te^wrature  does  not  vary  over  the  range  of 
sample  sizes  from  0.1  to  1.0  ml.  The  minimum  spontaneous  ignition 
temperature,  (SIT)  ,  is  therefore  455  deg.  F.  the  reaction  threshold 
for  the  0.2  ml.  sample  series  is  421  deg.  F. 

1.3.3  EL0-66-S1 .  See  Tri>le  III  and  Figures  13  through  22. 

In  the  study  of  the  spontaneous  ignition  of  sa^>le  ELQ-66-51 
cool-flame  reactions  were  observed  only  for  the  0.2  and  0.S  ml.  sample 
sizes.  In  the  runs  made  with  0.1  and  0.05  ml.  of  sample  in  the  1000  ml. 
coabustion  chamber  pre-ignition  reactions  were  followed  directly  by  hot- 
flames.  No  intermediate  reactions  were  observed,  tans  7,  30  and  36 
illustrate  typical  hot- flame  ignitions.  See  Figures  13,  14  and  15. 

Runs  2  and  31  are  typical  of  the  cool -flame  ignitions.  See  Figures  16 
and  17.  Examples  of  some  of  the  more  energetic  pre-ignition  reactions 
are  shown  by  tans  22  and  25,  Figures  18  and  19.  The  transition  from 
cool-flame  to  hot-flame  is  especially  gradual  in  the  case  of  the  0.05  ml. 
sample  series.  In  some  cases  the  time-t.-vmpe  return  plots  possess  properties 
common  to  both  flame  classes.  These  runs  have  been  designated  by  "?•’  in 
Table  III  and  have  been  included  under  the  general  classification  of  cool- 
flames.  tans  3  and  S,  Figures  20  and  21  illustrate  this  phenomenon. 

Figure  22  is  a  plot  of  observed  spontaneous  ignition  temperature 
against  sample  size.  The  minimum  spontaneous  ignition  temperature,  (SIT)s, 
determined  from  that  plot  is  1002  deg.  F.  The  reaction  threshold  for  the 
0.2  ml.  sample  series  is  833  deg.  F. 

1.3.4  Etfl-67-16.  See  Table  IV  and  Figures  23  through  29. 

In  three  experimental  series  using  0.2,  0.S  and  1.0  ml.  of  sample 
both  cool-  and  hot- flame  reactions  ware  detected.  In  the  0.2  ml.  series 
runs  were  made  at  teaperatures  low  enough  to  delineate  the  temperature 
range  within  which  pre-ignition  reactions  nay  be  expected.  The  ignition 
phenomena  observed  for  this  sample  are  quite  typical.  No  unusual  features 
were  noted  during  the  study  of  its  self-ignition  properties,  tans  IS  and  16, 
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SAMPLE  NUHBBR  ELQ-66-!?! 

SPOfTTAUBOUB  IGNITION  TBffHUOTRE 
Needle  A 

1000  al.  cheater  -  Iroo-Oo&stactan  Thermocouple 


TXPE  OF  REACTION 


Run 

Sample 

Site, 

ml. 

Initial 
Temp., 
deg.  P. 

Mwc. 
Rise, 
deg.  F. 

Pre- 

ZgBltlQO 

Cool 

Flaae 

Hot 

Flaae 

Delay, 

Sec. 

Observation* 

1 

0.5 

10C1 

36 

X 

16 

£kaoke 

2 

1007 

37 

X 

17 

3 

1015 

47 

XI 

17 

aeoke 

4 

1020 

55 

X 

11 

Skaoke 

5 

1025 

45 

X? 

11 

Sknoke 

6 

1030 

39 

X? 

9 

Saoke 

7 

1045 

56 

X 

10 

anoke 

P 

0.2 

1*47 

0 

X 

9 

470 

0 

X 

10 

434 

0 

X 

11 

533 

0 

X 

12 

594 

c 

X 

u 

-S';  4 

0 

X 

lit 

672 

c 

X 

15 

735 

0 

X 

It 

7?c 

0 

X 

17 

c33 

c 

X 

1? 

?37 

-» 

X 

1? 

94 1 

2 

X 

2C 

4 

X 

21 

*76 

5 

X 

22 

9-9 

lv 

X 

23 

516 

10 

X 

25* 

$6* 

11 

X 

19 
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SAMPLE  NUHBffi  HLO-66-51 

SPCTfTAHBOUB  IGNITION  TB<PERATURE 
Needle  A 

1000  tl.  cbatber  -  Iroo-Cbcetecte a  Tbenaoccuple 


TXFE  Of  REACTION 


Run 

SMple 

Site, 

tl. 

Initial 

dlj.  F. 

Mu. 
RIM, 
dec.  f, 

Pre-  Cool  Sot 

Ignition  Flaae  Flaae 

i 

Delay, 

Sec. 

ObaervatioQS 

25 

0.2 

S72 

22 

X 

26 

1000 

27 

X 

9 

27 

1003 

?2 

X 

Seoke 

2 - 

1006 

63 

X 

A 

aaike 

29 

1C16 

60 

X 

7 

Seoke 

JO 

1022 

105 

X 

5 

Stoke 

31 

1031 

39 

X 

9 

Stoke 

32 

1052 

47 

X 

4 

Stoke 

33 

0.1 

997 

5 

X 

y* 

1001 

9 

X 

35 

1002 

55 

X 

5 

Stoke 

¥ 

1005 

65 

X 

9 

Sujoke 

37 

C.C5 

1005 

15 

X 

3" 

1005 

7 

X 

<V 

1C15 

7* 

X 

£tok* 

*  Ind 

itcete* 

reaction  ahicb  has 

toth  cool-flaee  ai  d  hot- flan 

t  characteristics. 
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FIGURE  17.  ELO-66-51.  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  31. 


iu*r*  ill 


FIGURE  18.  ELO-66-51 ,  SPONTANEOUS  I  COITION  TEMPERATURE.  RUN  22. 


FIGURE  19.  EL0-66-S1 .  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  25. 
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FIGURE  20.  ELO-66-S1. 


SPONTANEOUS  IGNITION  TEMPERATURE .  RUN  5 


28 


SAMPLE  SIZE,  ml. 


FIGURE  22.  EL0-v6=$J.  MINIMUM  SPONTANEOUS  IGNITION  TEMPERATURE 


T'l.IE  I  V 


SAMPLE  IMCflR  KLO-67-16 

SPOKTAICBGUB  IGXXTIOM  TEKPERATUFUS 
feedle  A 

1000  el.  cheaber  -  Iron- Cons tsotan  Tberaocouple 


TYPE  CP  REACT10R 


Run 

Staple 

SlM, 

al. 

Initial 

deg.  F. 

Mu. 
Rise, 
deg.  r. 

Hr#* 

Ignition 

Cool 

Flue 

Bert 

Ifclay, 

Sec. 

Observation* 

1 

1.0 

650 

45 

X 

32 

9eoke 

2 

657 

33 

X 

20 

Orange  flue,  explosion 

3 

663 

44 

X 

42 

Saoke 

4 

0.5 

595 

37 

X 

47 

5 

601 

33 

X 

45 

6 

621 

36 

X 

43 

7 

64c 

36 

X 

39 

8 

647 

43 

X 

37 

9 

650 

35 

X 

14 

Cbaiv:'  flue,  explosion 

10 

65; 

19C 

X 

15 

OrantA  fleet,  explosi  m 

11 

0.2 

413 

0 

X 

12 

435 

2 

13 

46o 

4 

X 

14 

485 

7 

X 

15 

517 

10 

X 

16 

526 

14 

X 

17 

574 

35 

X 

72 

18 

593 

33 

X 

47 

19 

594 

32 

X 

55 

2C 

615 

36 

X 

*4 

31 


ABLE  IV-COKTinJED 


1000  ftl.  chamber  -  Iroo-OocsUntaa  Tber«oor> 


n»  op  RSAcnoR 


Rim 

Sample 

81m, 

■1. 

Initial 
T^p., 
<»«£•  ?• 

tbx. 
Rise, 
dag.  F. 

Prs- 

Xgoltloa 

Cool 

Flame 

Hot 

Flame 

Ifelay, 

Sec. 

Observations 

21 

0.2 

632 

30 

X 

S2 

641 

44 

X 

42 

23 

651 

66 

X 

41 

aeoke 

2k 

657 

40 

X 

40 

-rj 

662 

243 

X 

11 

Crtnge  flame 

26 

665 

261 

X 

12 

Ckenge  flame 

27 

667 

101 

X 

12 

Orange  flame 

26 

676 

91 

X 

8 

Orange  flame 

29 

695 

6l 

X 

8 

Orange  flame 

FIGlWJE  23.  ElO-67-16.  SPONTANEOUS  IO-IT10S  TEWTIRATUIIE  . 
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FIGURE  24,  ELO-67  - 16 .  SPONTANEOUS  IGNITION  TEMPERATURE .  RUN  1G. 
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FIGURE  25.  ELC-67-16 .  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  8. 
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FIGURE  27.  ELO-67-16 .  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  25. 
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SAMPLE  SIZE,  ml. 


FIGURE  29.  EL0-fc7-16.  MINIMUM  SPONTANEOUS  IGNITION  TEMPERATURE 
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Figures  23  and  24,  illustrate  the  pre-ignition  reactions;  Runs  8  and  23, 
Figures  25  and  26,  the  cool-flames;  and  Runs  25  and  28,  Figures  27  and  28, 
the  hot-flames. 

The  minimum  spontaneous  ignition  temperature,  (SIT)s,  determined 
from  Figure  29  is  650  deg.  F.  The  reaction  threshold  for  the  0.2  ml. 
sample  series  is  413  deg.  F. 

1.3.5  EL0-66-109.  See  Table  V  and  Figures  30  through  36. 

In  the  study  of  the  spontaneous  ignition  of  sample  ELO-66-109 
pre-ignition,  cool-flame  and  hot-flame  reactions  were  observed  for  all 
sample  sizes  which  were  investigated.  Pre -ignition  reactions  are 
illustrated  by  Run  5,  Figure  30,  and  Hun  15,  Figure  31.  Typical  cool- 
flame  ignitions  are  shown  by  Run  18,  Figure  32,  and  Run  22,  Figure  33; 
hot-flame  ignitions,  by  Run  21,  Figure  34,  and  Run  24,  Figure  35. 

Figure  36  is  a  plot  of  observed  spontaneous  ignition  temperature 
against  sample  size.  The  minimum  spontaneous  ignition  temperature,  (SIT)s> 
determined  from  that  plot  is  650  deg.  F.  The  reaction  threshold  for  the 
0.2  ml.  sample  series  is  451  ueg.  F. 

1.3.6  ELO-67-23,  See  Table  VI  and  Figures  37  through  44. 

In  the  processes  involved  in  the  spontaneous  ignition  of  sample 
ELO-67-23  typical  hot-flame  and  pre-ignition  reactions  were  observed. 

Runs  2  and  18,  Figures  37  and  38,  are  representative  of  these  hct-fiame 
ignitions.  In  some  cases  more  complex  hot-flame  ignitions  occur.  This 
kind  of  reaction  is  distinguished  by  the  series  of  sharp,  intense  peaks 
which  are  produced  by  the  multiple  ignitions  which  occur.  Runs  8  and  16, 
Figures  39  and  40,  are  illustrative.  Typical  pre-ignition  reactions 
occur  in  Runs  5  and  13  --  See  Figures  41  and  42.  Some  reactions  reseml ’ing 
cool-flame  ignitions  are  evident  at  the  higher  temperatures  studied  for 
the  0.2  ml.  sample  series.  Run  20,  Figure  43,  is  illustrative. 

Observed  spontaneous  ignition  temperatures  are  plotted  against 
sample  size  in  Figure  44.  The  minimum  spontaneous  ignition  temperature, 
(SIT)s>  determined  from  that  plot  is  471  deg.  F.  The  reaction  threshold 
for  the  0.2  ml.  series  is  420  deg.  F. 
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TABLE  V 


SAMPLE  men  1L0-66-109 


SPOtfTAKBOUB  1QHIT10H  TWPBRATIFX 

feedle  A 

1000  ■!.  cbenber  -  Iroc-Ooaatanttn  Themocouple 


TTP1  or  BlACnOB 


Ron 

au«, 

•1. 

Initial 

«•«.  F. 

Ax. 
Mm, 
dag.  r. 

Pre- 

Ignition 

Cool 

Flow 

Hot 

Fine 

Jtelay, 

8ec. 

Observations 

1 

0,2 

451 

1 

X 

__ 

2 

465 

4 

X 

— 

3 

522 

10 

X 

— 

4 

542 

14 

X 

5 

559 

17 

X 

— 

6 

580 

23 

X 

55 

7 

604 

29 

X 

48 

8 

617 

26 

X 

50 

9 

643 

31 

X 

39 

10 

645 

30 

X 

38 

n 

650 

33 

A 

53 

12 

656 

179 

X 

4 

Orange  flaw* 
explosion 

13 

666 

198 

X 

6 

Orange  flea®, 
explosion 

14 

0.1 

495 

10 

X 

»■* 

15 

532 

11 

X 

— 

l£ 

58*' 

26 

X 

17 

610 

27 

X 

38 

18 

645 

30 

X 

36 

19 

650 

156 

X 

4 

Ctenge  ane 

iCU 

655 

140 

X 

5 

Grange  flaae 

a 

660 

175 

X 

7 

Orange  llaoe 

22 

0.05 

650 

27 

X 

36 

?3 

652 

24 

X 

37 

24 

657 

129 

X 

5 

CTenge  fisae 

41 


FIGURE  32.  E 10-66- 109  .  SPONTANEOUS  I  OPTION  TEMPERATURE.  RUN  18. 
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FIGURE  33.  ELO-66-109.  SPONTANEOUS  INITIOS'  TEJCERATURE .  RIW  22. 
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FIGURE  34.  F.LO-66-109.  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  21. 
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FIGURE  35.  ELO-66-109.  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  24 

^7 


MIN.  IGNITION  TEMR,°F 


FIGURE  36.  ELO-66-I09.  MINIMUM  SPONTANEOUS  IGNITION  TEMPERATURE 


TABLE  VI 


SAMPLE  NUMBER  ELO-67-23 

SPONTANEOUS  IGNITION  TEMPERATURE 
Needle  A 

IOOO  ml.  chaaber  -  Iron- Constantan  Thermocouple 


TYPE  OF  HEACTICN 


Bun 

Sample 

Site, 

ml. 

Initial 
Itemp., 
deg.  F. 

Mu c. 
Rise, 

dag. _F. 

Pre- 

Ignition 

Cool 

Flame 

Hot 

Flame 

Delay, 

Sec. 

Observations 

1 

1.0 

475 

10 

X 

Stooke 

2 

482 

100 

X 

220 

Heavy  explosion 
orange  flame 

3 

0.5 

425 

1 

X 

•mm* 

4 

456 

4 

X 

mmmm 

5 

465 

15 

X 

•mm* 

6 

471 

80 

X 

203 

Heavy  explosion 
orange  flame 

7 

476 

74 

X 

196 

Heavy  e'tplosion 
orange  flam* 

8 

491 

215 

X 

133 

Heavy  explosion 
orange  flame 

9 

0.2 

420 

0 

X 

— 

10 

425 

5 

X 

— 

11 

^33 

6 

X 

— 

12 

442 

8 

X 

— 

13 

455 

7 

X 

— 

14 

462 

7 

X 

mm** 

15 

468 

14 

X 

— 

16 

474 

228 

X 

138 

Heavy  explosion 
smoke 

17 

488 

204 

X 

78 

Heavy  explosion 
smoke 

18 

519 

196 

X 

51 

Heavy  explosion 
smoke 

19 

520 

26 

X 

— 

20 

567 

40 

X 

55 

49 


FIGURE  37.  ELO-67-23 .  SPONTANEOUS  IGNITION  TEMPERATURE .  RUN  2. 


SO 


FIGURE  38.  ELC-67-23.  SPONTANEOUS  IGNITION  TE  MF  ERATO  RE .  RUN  18. 
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ELO-67-23 
RUN  8 


IGNITION  TEMPERATURE.  RUN  8. 


FIGURE  40.  EtO-67-23.  SPONTANEOUS  IGNITION  TEMPF.RATURi- .  RUN  16. 


53 


START-  567°F 


i 

i 


FIGURE  43.  ELO-67-23.  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  20. 
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FIGURE  44.  ELO-67-23.  MINIMUM  SPONTANEOUS  IGNITION  TEMPERATURE. 
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1.3.7 


ELO-67-49,  See  Table  VII  and  Figures  45  through  60. 

At  temperatures  below  500  deg.  F.  the  spontaneous  ignition  of 
the  sample  apparently  proceeds  without  complication.  Both  pre-ignition 
and  hot-flame  ignitions  occur.  In  some  cases  the  hot-flame  ignitions 
lead  to  the  formation  of  multiple  peaks  in  the  time-temperature  record. 

In  other  cases  single  sharp  peaks  are  observed  alone  or  followed  by 
broad  peaks  due  to  slow  oxidation.  The  occurrence  of  multiple  ignitions 
with  the  larger  sample  sizes  is  observed  at  temperatures  just  above  the 
transition  point  from  pre-ignition  reactions  to  hot -flame  ignitions. 

The  following  runs  are  illustrative  of  the  various  hot-flames  observed. 
Simple  hot-flame  ignition.  Run  24  and  38,  Figures  45  and  46;  simple  hot- 
flame  followed  by  slow  oxidation.  Run  13  and  14,  Figures  47  and  48; 
multiple  hot-flame.  Run  10  and  25,  Figures  49  and  50.  Characteristic 
pre -ignition  reactions  are  found  at  lower  temperatui es .  Runs  7  and  22, 
Figures  51  and  52  are  representative. 

The  pattern  of  ignition  undergoes  an  unexpected  change  as  the 
temperature  of  the  ignition  chamber  is  increased.  After  a  transitional 
region  of  pseudo -hot -flame  ignitions  whi.ch  are  observed  for  the  0.2  and 
0.1  mi.  sample  sizes  (See  Runs  16  and  33,  Figures  53  and  54)  and 
energetic-pre-ignition  reactions  which  are  observed  for  the  0.05  ml. 
series  (See  Run  39,  Figure  55)  rather  typical  cool-flame  ignitions  are 
found.  Runs  17  and  41,  Figures  56  and  57,  are  good  examples.  At  higher 
temperatures  hot-flames  again  appear.  See  Runs  19  and  34,  Figures  58  and 
59.  The  exact  cause  of  this  behavior  cannot  be  determined  from  the 
available  data.  However,  the  phenomenon  is  consistent  with  the  supposition 
that  the  sample  undergoes  decomposition  or  chemical  rearrangement  at 
temperatures  aoove  500  deg.  F.  1.0  produce  a  changed  material  which  is 
somewhat  less  flammable  than  the  original. 

The  minimum  temperatures  required  to  produce  hot-flame  ignitions 
of  both  classifications  are  plotted  against  sample  sizes  in  Figure  60. 

The  minimum  spontaneous  ignition  tempei ature  (SIT)g  is  taken  to  be  the 
minimum  point  in  the  lower  of  the  two  curves  shown  in  that  Figure.  It  is 
466  deg.  F.  The  minimum  temperature  required  to  produce  the  reactior 
represented  by  the  upper  curve  is  608  deg.  F.  The  reaction  threshold  for 
the  0.2  ml.  sample  series  is  415  deg.  F. 


TABLE  VTI 


SAMPLE  NUMBER  ELO-67-49 


SPONTANEOUS  IGNITION  TEMPERATURE 
Needle  A 

1000  ml,  chamber  -  Iroi-Conrtantan  Thermocouple 


Run 

Sample 

Size, 

ml. 

Initial 
Temp., 
deg.  P. 

Max. 
Ris^, 
deg.  F. 

TYPE 

Pre- 

Igcition 

OF  REACTION 

Cool  Hot 

Flame  Flame 

Delay, 

Sec. 

Observations 

1 

0.2 

415 

1 

X 

m  m 

2 

4l8 

3 

X 

mm 

3 

420 

4 

X 

mm 

4 

424 

4 

X 

— 

5 

431 

4 

X 

— 

6 

445 

7 

X 

mm 

7 

457 

13 

X 

mm 

8 

470 

186 

X 

125 

Explosion 

9 

479 

197 

X 

78 

Orange  flame 

10 

482 

I89 

X 

59 

Orange  flame, 

explosion 

11 

489 

l4l 

X 

31 

Orange  flame. 

explosion 

12 

495 

180 

X 

30 

Orange  flame, 

explosion 

13 

509 

166 

X 

20 

Orange  flame 

14 

525 

170 

X 

7 

Orange  flame 

15 

535 

153 

X 

5 

Orange  flame 

16 

545 

75 

(X.) 

11,  26 

Staoke 

17 

567 

58 

X 

43 

18 

6o4 

68 

X 

32 

19 

610 

390 

X 

5 

Orange  flame, 

explosion 

20 

618 

252 

X 

4 

Orange  flame 

21 

624 

238 

X 

4 

Csrange  flame 

59 


"’'VTJE  VT I -CONTINUED 


SAMPLE  NUMBER  ELO-67-4Q 

SPONTANEOUS  IGNITION  TEMPERATURE 
Needle  A 

1000  ml.  chamber  -  Iron- Cons tantap  Thermocouple 


TYPE  OF  REACTION 


Run 

Sample 

Pizr., 

ml. 

Initial 
Temp., 
aeg.  F. 

Max. 
Rise, 
deg.  F. 

Pre- 

Ignition 

Cool 

Flame 

Hot 

F  -ime 

Delay, 

Sec. 

Observations 

22 

0.1 

459 

17 

X 

«••• 

23 

465 

11 

X 

— 

24 

466 

227 

X 

169 

Orange  flame 

25 

472 

96 

X 

91 

Orange  flame 

26 

491 

2 

X 

■»  — 

27 

525 

36 

X 

no 

28 

535 

49 

X 

54 

29 

550 

59 

X 

48 

30 

565 

60 

X 

50 

31 

578 

58 

X 

49 

32 

595 

80 

(X) 

39 

33 

605 

70 

(X) 

6,  36 

34 

608 

254 

X 

5 

Orange  flame. 

explosion 

3; 

615 

210 

X 

4 

Orange  flame. 

explosion 

3o 

619 

236 

X 

5 

Orange  flame. 

explosion 

37 

^ « c  5 

465 

12 

X 

— 

3 

472 

88 

X 

68 

Orange  flame 

3' 

599 

lb 

XI 

5 

4. 

607 

13 

XI 

9 

4. 

6l  4 

6b 

X 

43 

4. 

62u 

146- 

X 

3 

Cfrange  flame 

(K)  Indicates  transitional  reaction  vitb  apparent  cocl-flaoe  and  bot-flame 
characteristics . 

XI  Indicates  energetic  pre-ignition  reaction. 
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OOP  00/  OOP  003 


FIGURE  49.  ELO-67-49  S POSTAL tC'JS  IQmiOPi  TT.  vfE RATURE  .  Rl*  10 
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PI  CURE  SO.  ELO-67-49.  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  25. 


ElO-6'-49.  SIWTAXEOUS  ItMTIOK  ;  V*TF.RATUR£ .  RUK 

6"* 


FIC’HF.  51. 


FIGURE  52.  ELO-67-49 .  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  22. 


FIGURE  53.  ElO-67-49 .  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  16. 


69 


ilinH3HH n  S 


- £ 


FIGURE  55.  ELO-67-49 .  SPONTANEOUS  IGNITION  TEMPERATURE 


Oiemta  r*H*i*ntii 


FIGURE  58.  EIO-67-4S.  SPONTANEOUS  I (WITION  TEMPERATURE.  RUN  19 


IN.  IGNITION  TEMP.,  °F. 


6  20 


SAMPLE  SIZE,  ml. 


FIGURE  60.  ELO-67-49.  MISIS4IN  SPONTANEOUS  IGNITION  TEMPERATURE 


1.3.8  ELO-67-S5.  See  Table  VIII  and  Figures  61  through  67. 

Experiments  made  with  sample  sizes  of  0.1,  0.2,  0.5  and  1.0  ml. 
in  a  1000  ml.  combustion  chamber  indicate  the  ignition  of  sample  ELO-67-55 
proceeds  directly  from  the  pre-igniticn  stage  to  hot-flaoes.  No  cool- 
flame  ignitions  were  observed  in  any  instance.  Both  pre-ignition  and  hot- 
flame  reactions  were  found  to  be  typical.  No  complications  were  observed, 
ferns  7,  31  and  42,  Figures  61,  62  and  63,  arc  illustrative  of  the  pre¬ 
ignition  reactions,  ferns  11,  36  and  47,  Figures  64,  65  and  66,  are  examples 
of  the  hot -flame  ignitions. 

The  minimum  spontaneous  ignition  temperature  of  the  sample, 

(SIT)#,  was  found  to  be  730  deg.  F.  See  Figure  67.  The  reaction 
threshold  for  the  0.2  ad.  sample  series  was  520  deg.  I-'. 

1.4  Summary: 

The  results  of  the  evaluations  of  the  spontaneous  ignition 
properties  of  the  eight  samples  studied  in  the  current  reporting  period 
are  sumr'—'zed  in  Table  IX.  The  minimum  spontaneous  ignition  temperatures 
found  varied  from  455*  to  1005  deg.  F.  Hot-flame  reactions  were  observed 
in  every  case.  The  reaction  thresholds  vanged  from  415°  to  833  deg.  F. 


2.  DIFFERENTIAL  THERMAL  ANALYSIS 

2.1  Introduction: 

The  use  of  differential  thermal  analysis  (OTA)  for  the  investigation 
of  the  processes  involved  in  the  thermal  and  oxidative  degradation  of  organic 
fluid  systems  including  experimental  lubricants  and  hydraulic  fluid  systems 
has  been  discussed  previously.  (References  i,  2,  3,  4,  5).  The  c^'cts  of 
metallic  and  non  metallic  catalysts  on  the  decomposition  of  such  systems  have 
also  been  described  (References  4,5).  In  the  present  work  the  effects  of 
several  metal  oxide  catalysts  on  the  dccoaposition  of  two  samples  have  been 
studied  in  both  nitrogen  and  air  atmospheres.  In  addition,  the  thermal  and 
oxidative  degradation  of  six  other  samples  have  been  investigated. 


TABLE  VIII 


fjtMPLS  taMBFB  ELO-u7-53 

cpootai:-'ou>  icirmof:  temperature 

fJeedle  A 

10U  ml.  chanter  -  Iron-Conatantan  Thermocouple 


TYPE  OP  RE.  CTJ  or 


Hun 

Staple  Initial 
Site,  Tctnp* . 

*1.  teg,  P. 

Msx. 
Rise, 
^eo*  P- 

Pre- 

Ignition 

Cool 

Flaae 

Hot 

Flsne 

Delay, 
Sec . 

r  ervatioca 

1 

i.o  •;  7?7 

.  «T 

J 

X 

-i 

733 

17c 

V 

/» 

?5 

Orange  flame. 

explosion 

3 

7jC 

175 

X 

rl 

Orange  flaoe. 

explosion 

k 

r *5  7°v 

X 

r 

7PC 

X 

6 

Tf, 

;ivr 

X 

115 

Ctange  flarae. 

explosion 

i 

733 

IV 

X 

8 

7«v: 

X 

69 

Grsnge  rise*. 

explcsi'c 

V 

t-:r: 

X 

o6 

Oro&ge  flame. 

explosion 

1C 

Tfl 

ir?”’: 

X 

37 

Or- age  flsae. 

explosion 

11 

-T.-i-' 

t  ' 

_  t-'C  '■■ 

X 

~7 

Orange  flaae. 

explosion 

i: 

-  •  •  J- 

- 

y  - 

13 

'  -  . 

- 

X 

1: 

1 

X 

13 

JVi 

•  -  ■ 

X 

1 

A-- 

J. 

a 

1? 

\ 

X 

1* 

^  w  * 

"■ 

X  ' 

1/ 

V  ! 

) 

'  r 

,T> 

\ 

V  -  - 

/* 

■>1 

. * 

i. 

\ 

X 

v 

i 

-i 

A 

X  . 

" 

4^  - 

*  J* 

1 

-  X 

/ 

* 

-/ 

X 

7  3 


taei.e  vnr-cowirun; 


SAMFLE  HUKS5*  ELO-37-35 

SPONTANEOUS  IGKITIO"  ^DTESATIF.S 
!>Hile  A 

1000  ol*  cbaacer  -  Iron-Constant  n  Thensocouple 


TYPE  OF  REACT!  71! 


^ur. 

Sncple 

Slzs, 

id. 

Initial 
Text;., 
d<\,*  f. 

J4sx. 
Rise, 
d«w*  F 

Pic- 

I  jiitloo 

• 

Ccol 

Flame 

Hot 

FU:* 

*1-7 

Dec. 

,  Oi..3ervntlons 

26 

0.2 

673 

X 

?7 

2so 

1 

X 

23 

7X 

n 

X 

?9 

7C5 

13 

X 

3C 

717 

- 

X 

31 

735 

14 

X 

22 

749 

11 

X 

33 

755 

20C 

X 

4C 

O-an^t  Tl^ae, 

explosion 

31* 

75C 

• 

X 

* 

Cfac  ,e  flaae, 

explosion 

•j  ■A 

756 

* 

X 

* 

O.'.  u  ..e  :i  r.<5, 

2v 

•T 

l-J 

327 

X 

37 

-.1 

732 

X 

73  •" 

K 

V 

;< 

■ 

- 

V 

i 

7-5 

>■ 

■- 

*  f  - 

*  j 

7v,‘ 

J 

X 

I  .  ; 

V 

> 

j" 

*V 

1 . 

X 

.3 

'  ^  *  -  „  1 

' 

v 

x  • 

X 

Is 

"Vl—  c  :  •  •’  i 

.  ,  - 

.  i.,t;  i:sA  2c!';;  coali  sat  :  it::  m  rec«_roe.-  cr. 

;  Co ,  wrliln.  . 

T) 


TABLE  TX 


SPONTANEOUS  IGNITION  SUMMARY 


SAMPLE  NUMBER 

REACTION  THRESHOLD,  DEG.  F. 

MINIMUM  SPONTANEOUS  IGNITION 

TEMPERATURE  (SIT)  ,  DBG.  F. 
s 

1000  ml.  chamber 

MLO-64-4 

423 

670 

MLU64-5 

421 

455 

ELO-66-51 

833 

1002 

ELO-66-109 

451 

650 

ELO-67-16 

413 

6^0 

ELO./.7-23 

420 

471 

EL0-C7-!>; 

”15 

:'Q 

•  -7.; 

80 


FIGURE  61.  EL0-67-SS.  SPONTANEOUS  JOflTION  TEMPERATURE . 


RUN  7. 
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FIGURE  64.  ELO-67-5S .  SPONTANEOUS  IGNITION  TEJi^ERATURE 
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FIGURE  SS.  EU0-67-SS.  SPONTANEOUS  IGNITION  TEMPERATURE.  RUN  36. 
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FIGURE  67.  EtO-fc7-$S.  MINIMUM  SPONTANEOUS  IGNITION  TE^ERATURf. 


2.2 


Apparatus  and  Procedure: 

The  apparatus  and  procedures  used  in  these  studies  are  the  saae 
as  those  which  have  been  described  in  detail  in  the  previous  reports  in 
this  series.  (References  1,  2,  3,  4,  5).  The  matched  thermocouple 
assemblies  and  temperature  programming  system  are  those  illustrated  in 
Reference  4. 

Borosilicate  glass  microbeads  (170-230  mesh)  have  been  used  as 
the  DTA  reference  standard.  The  microbeads  have,  in  addition,  been 
added  to  the  sample  side  of  the  OTA  cell  in  order  to  equalize  the  heat 
capacities  and  the  thermal  conductivities  of  the  sample  and  reference 
sides.  Instrumental  blanks  which  illustrate  the  net  thermal  balance  of 
the  several  different  measuring  thermocouples  and  the  OTA  system  itself 
are  shown  in  Figures  68,  69,  70,  71,  72  and  93.  For  measurements  in  which 
catalytic  agents  have  been  used  DTA  reference  blanks  of  mixtures  containing 
10\  by  weight  of  each  catalyst  with  borosilicate  glass  microbeads  have 
also  been  run.  (cf.  Figures  73,  74,  83  and  84  which  appear  in  Sections 
2. 3. 1.1  and  2. 3. 1.4)  Similar  mixtures  of  lOt  catalyst  with  cicrobeads 
have  been  added  to  various  samples  to  study  the  effects  of  the  catalysts 
on  the  degradation  of  the  samples. 

The  data  obtained  in  these  studies  arc  described  and  interpreted 
in  the  following  text.  A  comment  is  required  with  regard  to  those 
experiments  which  involve  potential  catalysis.  Many  effects  which  have 
been  attributed  to  the  action  of  added  substances  have  been  categorized 
under  the  generic  term  "catalysis".  True  catalysis  may  or  nay  not  be 
involved.  For  example,  it  may  be  that  in  some  cases  an  effect  may  be 
the  result  of  a  corrosion-1  ike  process  leading  to  the  for&stion  of  complex 
or  higher  oxides  from  the  simple  oxides  initially  employed.  OTA  alone  does 
not  distinguish  between  such  reactions  and  purely  catalytic  interactions  in 
the  accepted  sense  of  the  word. 

I*t  the  thermograms  presented  on  the  following  pages  the  ordinate 
represents  temperature  difference  in  microvolts  as  aeasured  by  iron- 
const  ant  an  thermocouples.  An  arrow  in  the  key  to  each  thermogram  indicates 
the  endothermic  direction  of  each  ordinate.  The  length  of  the  arrows 
supplies  the  voltage  scale  to  be  applied  to  the  ordinate.  In  order  to 
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LANK  (PYREX  MICROBEADS) 


FIGURE  <&«,  DIFFERENTIAL  THERMAL  ANALYSIS.  BLANK 

(PYREX  MICROBEADS) .  THERMOCOUPLE  PAIR  T-7  . 
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FIGURE  69.  DIFFERENTIAL  THERMAL  ANALYSIS.  BLANK 
(PYREX  MICROBEADS).  AIR  ATMOSPHERE. 


BLANK  (PYREX  MICROBEADS) 
NITROGEN 
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BLANK  (PYREX  MICROBEADS) 
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DIFFERENTIAL  THERMAL  ANALYSIS.  BLANK 
(PYREX  MICROBEADS).  THERMOCOUPLE 
PAIR  T-10  COMPENSATED. 


BLANK  (PYREX  MICROBEADS) 
AIR 


convert  temperature  differences  measured  in  microvolts  to  degrees  Fahrenheit 
it  is  necessary  to  consult  the  appropriate  conversion  tables.  No  constant 
factor  can  be  used  since  the  voltage  response  of  the  thermocouples  is  not 
the  sains  at  various  temperatures  but  varies  from  point  to  point  over  the 
range  of  temperatures  encountered  during  a  DTA  run.  Temperature  measured 
in  degrees  Fahrenheit  is  recorded  on  the  abscissa.  The  scale  is  nearly 
linear.  Small  departures  from  linearity  may  occur  from  time  to  time, 
these  reflect  the  fact  that,  in  some  instances,  the  temperature  of  the 
interior  of  the  OTA  cell  does  not  always  track  exactly  the  linear  program 
called  for  by  the  temperature  programming  control  system. 

In  the  lower  left-hand  comer  of  each  thermogram  may  be  found  a 
notation  which  identifies  the  thermocouple -pair  used  for  the  measurements 
displayed  thereon.  Where  applicable  the  use  of  baseline  compensation  is 
also  noted  in  the  same  location.  Comparison  of  sample  thermograms  tc  the 
appropriate  instrumental  and  reference  blanks  is  thus  facilitated. 

2.3 _ Experimental  Data: 

2.3.1  Thermal  and  Oxidative  degradation  in  the  presence  of  metal 

oxide  catalysts. 

The  application  of  DTA  to  the  study  of  lubricant  systems  in  the 
presence  of  various  metal  catalyst*-  has  been  discussed  in  detail  in  an 
earlier  report  'Reference  3).  In  that  work  DTA  was  employed  for  the 
investigation  of  the  thermal  decomposition  and  oxidation  of  two  samples, 
MLC-64-8  3nd  ELC-65-48,  in  the  presence  of  fifteen  different  metals  and 
several  types  of  activated  and  unactivated  carbon  and  molecular  sieve. 

The  effects  due  to  the  presence  of  these  various  substances  were  clearly 
demonstrated  by  DTA.  Several  of  these  materials,  notably  the  activated 
carbons,  were  found  to  exert  profound  catalytic  influences  upon  the 
degradation  of  the  samples. 

In  the  course  of  the  preceeding  experiments  it  was  noted  that 
some  of  the  metals  did  not  behave  as  expected  under  DTA  in  the  presence 
of  the  samples.  Of  particular  importance  were  the  findings  that  copper 
was  inactive  in  the  presence  of  ELQ-65-48  and  that  titanium  had  little 
influence  on  the  decomposition  of  MLO-64-8  in  sir.  Since  these  finding 
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were  somewhat  at  odds  with  data  obtained  from  oxidation  and  corrosion 
testing  (Reference  6),  it  was  felt  that  additional  studies  were  needed 
to  elucidate  the  roles  played  by  these  metals  in  the  thermal  and  oxidative 
degradation  of  the  two  lubricant  systems.  In  the  earlier  studies  the 
metals  used  for  catalysts  were  all  reagent  grade  powders.  Since  in 
practice  such  powders  are  often  coated  with  a  layer  of  their  oxides,  it 
was  decided  to  determine  whether  the  various  metal  oxides  might  be  more 
active  with  respect  to  the  samples  than  the  pure  metals  themselves.  In 
the  present  study  thermograms  of  mixtures  of  MLO-64-8  and  of  ELO-65-48 
with  oxides  of  iron,  titanium  and  copper  have  been  run  and  the  results 
compared  with  those  previously  obtained  for  mixtures  with  the  corresponding 
pure  metals.  Reagent  grade  oxides  have  been  used  for  all  determinations. 

In  the  case  of  cuprous  oxide  a  stablizer  is  customarily  present  even  in 
the  reagent  grade  chemical  to  prevent  oxidation  to  the  cupric  oxide.  This 
agent  was  removed  prior  to  the  use  of  cuprous  oxide  in  these  studies. 

2.3. 1.1  Blank.  Pyrex  Microbeads  plus  Metal  Oxide  Catalysts. 

Nitrogen  Atmosphere.  Thermocouple  Pair  T-7. 

9.2*F./Min.  Scan  Rate.  See  Figures  73  and  74. 

Thermograms  run  for  mixtures  of  pyrex  microbeads  plus  iron, 
titanium  and  copper  oxides  were  found  to  contain  no  important  features 
not  contained  in  blank  runs  made  for  the  thermocouple  pair  used. 

2. 3. 1.2  MLO-64-8.  Pyrex  Microbeads  plus  Metal  Oxide  Catalysts. 

Nitrogen  Atmosphere.  Thermocouple  Pair  T-7. 

9.2°F./Min.  Scan  Rate.  See  Figures  75,  76,  77  and  78  and  Table  X. 

The  run  made  with  pure  iron  catalyst  indicated  a  moderate  degree 
of  activity  of  iron  with  respect  to  the  sample.  The  thermogram  displays 
only  a  relatively  small  amount  of  exothermic  reactivity  above  and  bevond 
that  seen  in  the  thermogram  of  the  pure  sample.  In  comparison  the  thermogram 
run  for  iron  oxide  is  completely  different.  The  familiar  twin  decomposition 
peaks  of  the  pure  sample  are  no  longer  present  and  in  their  place  is  a  single 
large  exotherm  occurring  at  a  much  lower  temperature.  A  similar  phenomenon 
is  observed  in  the  thermograms  of  mixtures  of  tne  sample  with  cuprous  oxide 
and  pure  copper.  Cupric  oxide,  on  the  other  hand,  appears  o  be  essentially 
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BLANK  (PYREX  MICROBEADS  +  Fe203  8  Ti02) 

NITROGEN 

9.2°F./MIN 


FIGURE  73.  DIFFERENTIAL  THERMAL  ANALYSIS.  BLANK  (PYREX  MICROBEADS 
PLUS  IRON  OXIDE  AND  TITANIUM  DIOXIDE  IN  NITROGEN). 


BLANK  (PYREX  MICROBEADS 4  Cu20  a  CuO) 
NITROGEN 


FIGURE  74.  UI  FFKRENTI  4L  THERMAL  ANALYSIS.  BLANK  (PYRF.X  MICROBEADS 
PLUS  CUPROUS  OXIDE  AND  CUPRIC  OXIDE  IN  NITROGEN). 


TABLE  X 


DIFFERENTIAL  THERMAL  ANALYSIS:  MLO-64-8  PLUS 
METAL  OXIDE  CATALYSTS  IN  NITROGEN  ATMOSPHERE 


No  Catalyst 
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upric  Oxide 
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7? 

894 
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Those  thermal  effects  which  may  be  attributed  solely  to  the  reactions 
cf  the  catalysts  have  not  been  included  in  this  tabulation. 


Key  to  symbols: 

(  )  weak  thermal  effect 

!  strong  thermal  effect 

! l  very  strong  thermal  effect 
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FIGURE  75.  DIFFERENTIAL  THERMAL  ANALYSIS:  MLO-64- 


MLO  64-8  +  Fe203  a  Ti02  CATALYST 
NITROGEN 


F I  CURE  76.  DIFFERENTIAL  THERMAL  ANALYSIS.  MLO-64-8  PLUS 
IRON  OXIDE  AND  TITANIUM  DIOXIDE  IN  NITROCXN. 


MLO  64-8  +  Cu-0  8  CuO  CATALYST 


FIGURE  77.  DIFFERENTIAL  THERMAL  ANALYSIS.  MLO-64-8  PLUS 
CUPROUS  OXIDE  AND  CUPRIC  OXIDE  IN  NITROGEN. 


MLO  -64-8  +  METAL  CATALYSTS 


FIGURE  7P.  DIFFERENTIAL  THERMAL  ANALYSIS:  MLO-64-8  PLUS 
COPPER,  TITANIUM  AND  IRON . 


inactive;  its  mixtures  lead  to  thermograms  which  are  essentially  identical 
with  those  obtained  for  the  sample  alone.  Titanium  dioxide  appears  much 
more  active  under  the  nitrogen  atmosphere  than  does  metallic  titanium  itself. 
The  principal  effect  produced  by  pure  titanium  was  the  enhancement  of  the 
decomposition  of  sample  residues  left  after  the  initial  decomposition.  In 
that  case  a  pair  of  exothermic  peaks  at  965  and  993  deg.  F.  were  followed 
by  an  extremely  intense  exotherm  at  1014  deg.  F.  In  the  case  of  titanium 
dioxide  a  different  situation  is  found.  The  characteristic  pair  of  exotherms 
is  absent  and  a  single  strong  exotherm  at  968  deg.  F.  is  preceded  by  a  broad 
thermal  decomposition  peak  which  occurs  after  864  deg.  F. 

2.3.1. 3  ELO-65-48 .  Pyrex  Microbeads  plus  Metal  Oxide  Catalysts. 

Nitrogen  Atmosphere.  Thermocouple  Pair  T-7. 

9.2°F./Min.  Scan  Rate.  See  Figures  79,  80,  81  and  82  and  Table  XI. 

The  thermogram  for  pure  ELO-65-48  exhibits  a  stron"  soiling  endotherm 
with  a  peak  at  852  deg.  F.  A  similar  feature  appears  in  the  thermograms  run 
with  added  iron,  copper  and  titanium  powders.  It  occurs  at  virtually  the 
same  temperature  in  each  case.  Hie  endotherm  in  the  thermogram  for  the  iron 
mixture  is  a  single  peak  like  that  for  the  pure  sample;  those  for  the  copper 
and  titanium  mixtures  are  slightly  split  at  the  maximum.  Only  in  the  case 
of  titanium  is  any  decomposition  evident.  There  it  is  seen  mainly  as  a 
roughness  which  appears  in  the  thermogram  at  temperatures  above  the  boiling 
point  of  the  sample.  While  the  metals  themselves  seem  to  have  only  a  small 
effect  on  the  decomposition  of  the  sample  under  nitrogen,  inspection  of 
Figures  80  and  81  reveals  that  a  different  situation  prevails  with  respect 
to  the  oxide  mixtures.  In  the  presence  of  iron  oxide  a  pronounced  boiling 
endotherm  is  present;  however,  its  maximum  occurs  at  a  temperature  much  lower 
than  that  of  the  boiling  endotherm  for  the  pure  sample.  The  truncated 
appearance  of  the  peak  suggests  that  a  strong  exothermic  reaction,  presumably 
decomposition,  also  occurs  at  temperatures  well  below  the  boiling  point.  A 
like  phenomenon  is  seen  in  the  run  made  for  titanium  dioxide  where  the  boiling 
peak  has  virtually  been  cancelled  by  the  heat  effect  due  to  the  simultaneous 
decomposition.  Small  boiling  endotherms  are  observed  for  mixtures  with  cuprous 
and  cupric  oxide.  These  are  displaced  toward  lower  temperatures  and  reduced 
in  magnitude  as  a  result  of  decomposition.  Cupric  oxide  seems  less  active  in 
this  regard  than  iron  oxide,  cuprous  oxide  or  titanium  dioxide. 


TABLE  XJ 


DIFFER  E!!TIAL  THERMAL  ANALYSIS:  ELC-65-42  PLUS 
METTAL.  OXIDE  CATALYSmS  IH  'JIT  OGEE  ATMOSPHERE 
(3.1  ATM.  TOTAL  PRESSURE) _ _ 
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1  stroi-j  thermal  effect 
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FIGURE  79.  DIFFERENTIAL  THERMAL  ANALYSTS.  ELO-65-48. 


ELO  65-48  +  Fe.O,  a  TiCL  CATALYST 
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I SURE  30.  DIFFERENTIAL  THERMAL  ANALYSIS.  ELO-65-48  PLUS 
IRON  OXIDE  AND  TITANIUM  DIOXIDE  IN  NITROGEN. 


ELO  65-48+ Cu,0  8  CuO  CATALYST 


DIFFERENTIAL  THERMAL  ANALYSIS.  ELO-65-48  PLUS 
CUPROUS  OXIDE  AND  CUPRIC  OXIDE  IN  NITROGEN. 


FIGURE  Sii.  DIFFERENTIAL  THERMAL  ANALYSIS:  ELO-65-48  PLUS 
DIPPER,  TITANIUM  AND  IRON. 


2. 3. 1.4  Blank,  tyrex  Microbeads  plus  Metal  Oxide  Catalysts. 

Air  Atmosphere.  Thermocouple  Pair  T-7. 

9.2°F./Min.  Scan  Rate.  See  Figures  83  and  84. 

The  thermograms  of  four  metal  oxide -micrcbcad  mixtures  run  in  air 
are  essentially  the  same  as  those  determined  for  the  same  oxides  under 
nitrogen.  There  is,  however,  one  exception:  In  the  thermogram  for  cupric 
oxide  a  small,  sharp  exotherm  occurs  at  414  deg.  F.  in  an  air  atmosphere. 

A  like  effect  is  not  observed  under  nitrogen.  The  blank  run  for  iron  oxide 
was  terminated  at  approximately  840  deg.  F.  by  a  thermocouple  failure.  The 
broken  line  in  Figure  83  is  an  approximation  of  what  the  remainder  of  the 
thermogram  would  be  had  it  been  run. 

2.3.1.5  MLO-64-8.  Pyrex  Microbeads  plus  Metal  Oxide  Catalysts. 

Air  Atmosphere.  Thermocouple  Pair  T-7. 

9.2°F./Min.  Scan  Rate.  See  Figures  85,  86,  87  and  88  and  Table  XII. 


In  air  iron  powder  was  found  to  affect  mainly  the  decomposition 
of  residues  left  after  the  initial  breakdown  of  the  sample.  Iron  oxide  (Fe^O^) 
is  more  active.  The  thermogram  obtained  in  air  is  different  from  that  for 
either  the  pure  sample  or  the  mixture  of  the  sample  with  iron  powder.  In 

general  the  pattern  of  decomposition  in  the  presence  of  iron  oxide  in  air  is 
similar  to  that  found  previously  for  the  saise  system  under  a  nitrogen 


atmosphere* .  Titanium  s»etai  exhibited  only  slight  catalytic  action  towards 


HL0-fe4~$  in  air.  The  oxide,  in  contrast,  produces  severe  degradation  in  the 


sample  and  its  residues  at  temperatures  well  below  those  at  which  decomposition 
had  previously  been  detected.  Both  oxides  of  copper  also  exhibit  increased 
activity  in  air  over  that  found  in  nitrogen.  Cuprous  oxide  increases 
decomposition  of  sample  residues  at  about  1000  deg.  F.  in  addition  to  the 
enhancement  of  the  earlier  decomposition-an  affect  which  was  also  observed 
in  nitrogen.  In  the  nitrogen  atmosphere  cupric  oxide  seemed  fairly  inert. 

In  air  its  activity  parallels  that  of  cuprous  oxide.  That  is,  the 
decomposition  exotherm  appearing  at  about  960  deg.  F.  is  gieatly  intensified 
and  a  new  exotherm  at  979  deg.  V.  is  produced.  Although  these  occur  at 
temperatures  approximately  the  same  as  thise  at  which  exotherms  were  also 
observed  for  the  pure  sample  and  for  mixtircs  of  the  -^pic  with  copper. 
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BLANK  (PYREX  MICROBEADS  +  Cu20  8  CuO) 

AIR 


DIFFERENTIAL  THERMAL  ANALYSIS.  BLANK  (PYREX  MICROBEADS 
PLUS  CUPROUS  OXIDE  AND  CUPRIC  OXIDE  IN  AIR). 


TABLE  XII 


DIFFERENTIAL  THERMAL  ANALYSIS:  ML0-64-0  PLUS 
METAL  OXIDE  CATALYSTS  IN  AIR  ATMOSPHERE 
(5.1  ATM.  TOTAL  PRESSURE) _ 
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Key  to  symbols: 

(  )  veak  thermal  effect 

!  strong  thermal  effect 
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MLO-64-8  a  ELO-65-48 


Fi  GUP':  85  .  DIFFERENTIAL  THERMAL  ANALYSIS. 

MLO-64-8  AND  ELO-65-48  IN  AIR. 


MLO  64~8  +  FeO,  8  TiCL  CATALYST 


FI  CUR!:  *6.  DIFFERENTIAL  THERMAL  ANALYSIS.  MI  0-64- 8  PLUS 
IRON  OXIDE  AND  TITANIUM  DIOXIDE  IN  AIR. 


MLO  64-8  i  Cu20  &  CuO  CATALYST 

AIR 


:: RiiNT I AL  THERMAL  ANALYSIS  .  MLO-64-8  PLUS 

3US  OXICE  AND  CUPklC  OXIDE  IN  AIR. 


MLO-64-8  +  METAL  CATALYSTS 


FIGURE  88.  DIFFERENTIAL  THERMAL  ANALYSIS.  MLO-64- 
PLUS  COPPER,  TITANIUM  AND  IRON  IN  AIR. 


their  configuration  and  relative  intensities  suggest  that  they  are  the  result 
of  different  reactions  rather  than  the  same  reactions  in  which  thermal  effects 
are  amplified  by  the  adsorption-retention  effect  observed  for  molecular  sieve 
and  some  non-activated  carbcn  powders. 

2. 3. 1.6  ELO-65-48.  Pyrex  Microbeads  plus  Metal  Oxide  Catalysts. 

Air  Atmosphere.  Thermocouple  Pair  T-7. 

9.2°F./Min.  Scan  Rate.  See  Figures  85,  89,  90  and  91  and  Table  XIII. 

Each  of  the  metal  oxide  catalysts  studied  exhibits  considerable 
activity  with  respect  to  ELO-65-48  in  air  atmosphere.  In  nitrogen  the 
decomposition  of  the  sample  was  affected  to  an  extent  such  that  the  prominent 
boiling  endotherm  was  weakened  considerably  by  the  simultaneous  occurrence  of 
an  exothermic  decomposition.  In  air  the  same  phenomenon  occurs  to  a  greater 
degree.  Only  in  the  run  made  with  added  iron  oxide  does  any  evidence  whatever 
of  the  boiling  endotherm  remain.  Decomposition  of  residues  left  at  temperatures 
above  that  of  the  absent  or  reduced  boiling  endotherm  is  especially  noticeable 
in  each  case.  Similar  exotherms  appear  also  in  the  thermograms  for  mixtures 
of  the  sample  with  pure  iron  and  titanium  but  are  absent  from  the  thermogram 
for  the  copper  mixture. 

2.3.2  Comparison  of  DTA  and  Oxidative-Corrosion  Studies. 

Examination  of  the  data  in  Section  2.3.1  reveals  that  the  effects  of 
metal  oxides  on  both  the  thermal  and  oxidative  decomposition  of  samples 
MLO-64-8  and  ELO-65-48  are  very  different  from  those  produced  by  the 
corresponding  metals.  In  general  the  oxides  appear  to  be  much  more  active 
with  respect  to  the  enhancement  of  existing  decomposition  processes  and  with 
respect  to  the  opining  of  new  pathways  by  which  the  degradation  process  may 
occur.  The  systems  comprising  MLO-64-8  in  admixture  with  titanium  and  titanium 
dioxide  in  both  air  and  nitrogen  are  especially  noteworthy  examples  of  this 
phenomenon . 

Since  under  the  conditions  of  differential  thermal  analysis  titanium 
metal  was  found  to  be  relatively  inactive  by  comparison  with  its  oxide  the 
following  experiments  were  conducted  in  order  to  determine  whether  a  similar 
situation  existed  under  the  conditions  cf  the  corrosion  and  oxidation  test. 


TABLE  XIII 


DIFFERENTIAL  THERMAL  ANALYSIS:  ELO-65-48  PLUS 
METAL  OXIDE  CATALYSTS  IN  AIR  ATMOSPHERE 
(%i  ATM.  TOTAL  PRESSURE) _ 


CATALYST _ FIGURE _ ENPOTHERMS,  DEG.  F.» _ ETCCTHERMS,  DEG.  F.« 


No  Catalyst 

85 

670 

8371 

870 

Iron  Oxide 
(Fe203) 

89 

775 

809 

854 

947 

108111 

Iren 

91 

(664)  727 

834*  8421 

902 

103411 

Titanium  Dioxide 
(Ti02) 

89 

(832) 

863 

989 

10001 1  1007 

Titanium 

C”! 

8311 

964 

97411 

Cuprous  Oxide 
(Cu20) 

90 

609 

892 

985 

Cupric  Oxide 
(CuO) 

v<- 

656 

998 

977 

Copper 

721 

832:  ; 121 

862 

*  Those  theme!  effects  which  nay  be  attributed  solely  to  the  reactions 
of  the  catalysts  have  net  been  included  In  this  tabulation. 

Key  to  symbols : 

(  )  v/e?'-  thermal  effect 

I  strong  thermal  effect 
11  very  strong  thermal  effect 
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ELO  65-48  4  Fe203  8  Ti02  CATALYST 

AIR 
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FIGURE  89.  DIFFERENTIAL  THERMAL  ANALYSIS.  ELO-65-48  PLUS 
IRON  OXIDE  AND  TITANIUM  DIOXIDE  IN  AIR. 


DIFFERENTIAL  THERMAL  ANALYSIS.  ELO-65-48  PLUS 
CUPROUS  OXIDE  AND  CUPRIC  OXIDE  IN  AIR. 


ELO-65-48  +  METAL  CATALYS'i ' 


FIGURE  91.  DIFFERENTIAL  THERMAL  ANAIYSIS.  ELO-65-48  PLUS 
COPPER,  TITANIUM  AND  IRON  IN  AIR. 


Standard  micro  corrosion  and  oxidation  tests  were  run  in  duplicate  on 
MLO-64-8  using  two  different  titanium  alloys.  Upon  completion  of  the 
above  evaluations  the  exposed  oils  were  analyzed  in  the  prescribed  manner 
and  the  alloy  specimens  weighed.  Each  alloy  specimen  was  then  placed 
without  additional  polishing  into  a  fresh  portion  of  the  test  oil  and 
exposed  again  under  the  conditions  of  the  micro  corrosion-oxidation 
test.  The  data  obtained  from  these  experiments  are  given  in  Tables  XIV 
and  XV.  Duplicate  mns  using  the  standard  procedure  are  shown  under  the 
column  headed  "Polished  Specimen";  the  second  series  of  measurements  are 
found  under  the  heading,  "Pre-exposed  Specimen". 

It  is  clear  that  somewhat  different  corrosion  and  oxidation  results 
are  obtained  depending  on  the  mode  of  preparation  of  the  alloy  test  piece. 
However,  because  of  the  disastrous  nature  of  the  decomposition  of  MLO-64-8 
in  the  presence  of  either  of  the  two  alloys  used,  it  is  felt  that  the 
available  data  do  not  permit  any  distinction  to  be  made  between  the  stability 
of  the  fluid  in  the  presence  of  a  freshly  polished  titanium  alloy  test  pieces 
and  the  stability  in  the  presence  of  alloy  test  pieces  subjected  to  the 
corrosive  action  of  the  fluid  before  the  test  exposure.  Probably  the  test 
pieces  corrode  so  rapidly  in  the  presence  of  the  sample  that  in  either  case 
the  net  effect  of  the  specimen  on  the  bulk  or  the  bulk  oil  sample  is  nearly 
the  same  as  that  found  for  the  pre-exposed  test  pieces. 

Similar  corrosion  and  oxidation  studies  with  copper,  iron,  steel  or 
pure  titanium  specimens  might  prove  to  be  more  enlightening  than  the  above 
measurements  have  been.  Such  studies  could  not  be  performed  during  the 
present  reporting  period  due  to  shortage  of  the  test  fluid.  It  is  xpected 
that  further  investigations  of  this  nature  wiil  be  included  in  future  work. 

2.7.3  Experimental  Lubricants: 

2. 3. 3.1  ELO-67-13.  Nitrogen  Atmosphere.  Thermocouple  Pair  T-10- 

compensated.  9.2°F./Min.  Scan  Rate.  See  Figure  92. 

The  thermograms  of  the  sample  were  run  under  nitrogen  at  1.0  and 

5.1  atm.  total  pressure.  Virtually  identical  results  were  obtained  at  each 
piessure.  The  mam  features  of  each  thermogram  are  strongly  exothermic.  A 
very  strong  exotherm  is  found  at  357  to  358  deg.  F.  A  second,  exotherm 
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which  occurs  at  a  slightly  higher  temperature  410°  to  412  deg.  F.  -  is 
weaker  than  the  first,  but  must  still  be  classified  as  a  very  strong  effect. 
At  1.0  atm.  a  weak  exotherm  is  seen  at  299  deg.  F.  as  well.  Apparent  thermal 
effects  which  occur  after  the  main  exotherms  have  not  been  classified  because 
the  degradation  of  the  sample  at  lower  temperatures  seems  to  have  been  so 
complete  that  any  such  evaluation  would  be  meaningless.  On  the  basis  of  the 
DTA  data  it  must  be  concluded  that  the  sample  is  highly  unstable  even  in  an 
inert  atmosphere. 

2. 3. .3. 2  KLO-67-13.  Air  Atmosphere.  Thermocouple  Pair  T-ll  and  T-ll- 

compensated.  9.2°F./Min.  Scan  Rate.  See  Figures  93,  94  and  95. 

The  thermograms  of  the  sample  were  run  in  an  air  atmosphere  under 
total  pressures  of  1.0,  5.1  and  50.0  atm.  The  data  obtained  at  all  pressures 
are  substantially  identical  and,  indeed,  are  the  same  as  those  obtained  for 
the  runs  made  under  nitrogen.  A  very  strong  exotherm  in  the  region  353°  to 
370  deg.  F.  is  followed  by  a  weaker  but  still  prominent  effect  at  409°  to 
412  deg.  F.  These  data  arc  shown  in  Figures  93  and  94.  For  ease  in 
reference  the  instrumental  blank  for  the  50.0  atm.  run  is  shown  in  Figure  95. 
The  stability  of  the  sample  in  air  is  completely  comparable  to  that  observed 
under  nitrogen. 

2. 3. 3. 3  ELA-67-32.  Nitrogen  Atmosphere.  Thermocouple  Pair  T-10- 

compensated.  9.2°F./Min.  Scan  Rate.  See  Figure  96. 

At  1  0  atm.  sharp,  intense  endotherms  are  observed  at  288°  and 
417  deg.  F.  A  broad  endotherm  between  827°  and  938  deg.  F.  with  peak  at 
898  deg.  F.  is  also  seen.  At  5.1  atm.  the  only  significant  feature  is  the 
intense  endotherm  at  297  deg.  F.  which  corresponds  to  the  one  observed  at 
288  deg.  F.  at  1.0  atm.  The  large  exothermic  shift  seen  after  600  deg.  F. 
is  not  due  to  the  sample  but  reflects  a  change  in  the  thermocouple  matching 
at  that  temperature.  (See  Figure  71)  The  sharp  endotherm  at  417  deg.  F. 
and  the  broad  endotherm  between  827°  and  938  deg.  F.  which  are  seen  only  in 
the  run  made  at  1.0  atm.  are  due  to  the  boiling  of  various  sample  components. 
Possibly  some  decomposition  occurs  at  the  same  time  as  the  initial  boiling 
so  that  the  latter  effect  reflects  only  the  slow  volatilization  of  sample 
residues.  It  is  also  possible  that  the  sample  contains  a  volatile  and 
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RMAL  ANALYSIS.  ELO-67-13  IN  AIR. 
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FIGURE  94.  DIFFERENTIAL  TOERFw.  ANALYSIS.  ELO-67-1 3  IN  AIR. 
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FIGURE  96.  DIFFERENTIAL  THERMAL  ANALYSIS.  ELA-67-32.  NITROGEN  ATMOSPHERE 


relatively  non-volatile  constituents  boiling  at  widely  separated  temperatures 
The  endotherms  which  are  observed  at  288°  and  297  deg.  F.  respectively  are 
due  presumably  to  the  melting  of  the  sample.  The  pressure  dependence  of  the 
effect,  however,  is  unusually  large  for  a  transition  such  as  melting.  The 
explanation  for  this  is  not  clear.  However,  other  pressure  dependent-phase 
changes  in  addition  to  melting  may  occur  at  the  same  time.  Alternatively 
the  melting  process  may  simply  have  an  unusually  large  pressure  coefficient. 

2. 3. 3. 4  ELA-67-32.  Air  Atmosphere.  Thermocouple  Pair  T-8. 

9.2°F./Min.  Scan  Rate.  See  Figure  97. 

The  thermogram  obtained  for  sample  ELA-67-32  under  an  air  atmosphere 
is  in  many  respects  very  similar  to  that  obtained  for  the  same  material  under 
nitrogen.  Melting  endotherms  are  found  at  285°  and  297  deg.  F.  respectively 
for  the  1.0  and  5.1  atm.  runs.  At  1.0  atm.  two  boiling  endotherms  appear  at 
423  deg.  F.  and  between  768°  and  924  deg.  F.  with  a  peak  at  857  deg.  F.  The 

principal  difference  between  the  runs  made  in  ?ir  and  in  nitrogen  lies  in 

the  fact  that  in  the  thermogram  for  air  atmosphere  an  exothermic  effect 
begins  at  506  deg,  F.  and  reaches  a  maximum  at  547  deg.  F.  This  effect  is 
seen  only  in  the  run  made  at  5.1  atm.  Presumably  the  oxidation  which  the 

exotherm  reflects  is  that  of  a  volatile  fraction  which  boils  at  423  deg.  F. 

at  1.0  atm.  and  which  at  that  pressure  is  lost  to  the  system  before  oxidation 
can  be  detected  in  the  condensed  phase  in  contact  with  the  differential 
thermocouple . 

2. 3. 3. 5  ELA-67-33.  Nitrogen  Atmosphere.  Thermocouple  Pair  T--10- 

compensated.  9.2*F./Min.  Scan  Rate.  See  Figure  98. 

At  1.0  atm.  the  thermogram  of  the  sample  exhibits  a  sharp,  intense 
endotherm  with  peak  at  328  deg.  F.  A  similar  peak  is  also  seen  at  524  deg.  F 
for  the  run  made  at  S.l  ate.  total  pressure.  These  endotherms  arc  produced 
by  the  fusion  of  the  sample.  At  1.0  a^m.  the  slope  of  the  thermogram  assumes 
an  endothermic  trend  after  7t>7  deg.  F.  This  endotherm  is  due  to  evaporation 
and  leads  into  a  major  endothermic  boiling  peak  with  maximum  at  84?  deg.  F. 
The  boiling  peak  is  quite  symmetric.  There  is  no  evidence  of  decomposition 
during  the  boiling  process  at  1.0  atm.  A  slightly  different  situation  is 
observed  at  5.1  atm.  The  suppression  of  both  evaporation  and  boiling  at  t?.e 
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EL A  -  67-32 


CURE  97.  DIFFERENTIAL  THERMAL  ANALYSIS.  ELA-67-32  .  AI R  ATMOSPHERE . 
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V 1  GURU  98.  Cl FFERENTI AL  THERMAL  ANALYSIS.  ELA-67-33.  NITROGEN  ATMOSPHERE. 


increased  pressure  are  quite  pronounced.  The  onset  of  evaporation  is  first 
detected  at  883  deg.  F.  A  boiling  peak  of  moderate  intensity  follows  at 
935  deg.  F.  A  small  exotherm  at  993  deg.  F.  may  reflect  the  decomposition 
of  residues  left  over  after  completion  of  boiling.  The  sample  appears  to 
be  quite  stable  over  a  wide  range  of  temperature  in  a  nitrogen  atmosphere. 

2. 3. 3. 6  ELA-67-33.  Air  Atmosphere.  Thermocoupie  Pair  T-8. 

9.2*F./Min.  Scan  Rate.  See  Figure  99. 

The  main  features  of  the  thermogram  for  ELA-67-33  in  air  are 
similar  to  those  observed  for  the  material  under  nitrogen.  Intense,  sharp 
melting  endotherms  are  found  at  325  deg.  F.  for  the  runs  made  at  1.0  and 
5.1  atm.  At  1.0  atm.  evaporation  endo therm  begins  at  715  deg.  F.  and  leads 
into  a  strong,  symmetrical  boiling  endotherm  at  843  deg.  F.  A  small 
exotherm  at  914  deg.  F.  suggests  the  decomposition  of  residues  left  after 
the  boiling  cc  the  sample.  At  5.1  atm.  the  boiling  endotherm  at  947  deg.  F. 
is  preceded  by  a  moderate  decomposition  exotherm  which  begins  at  806  deg.  F. 
and  reaches  its  maximum  at  882  deg.  F.  A  small  exotherm  at  988  deg.  F. again 
suggests  the  further  decomposition  of  sample  residues.  The  presence  of  air 
apparently  leads  to  an  oxidative  degradation  after  806  deg.  F.  which  does 
not  appear  in  the  oxygen-fpree  system.  While  the  relative  stability  of  the 
sample  in  an  air  atoosphere  is  les.i  than  it  is  in  nitrogen,  the  material  is 
obviously  still  quite  stable. 

2. 3. 3. 7  *ILA-67-34.  Nitrogen  Atmosphere.  Thermocouple  Pair  T-8. 

S.2*F./Kin.  Scan  Rate.  See  Figures  100  and  102 . 

Tne  sample  was  found  to  be  extremely  viscous  and  tacky.  For  this 
teaser,  it  was  extremely  difficult  to  load  the  sample  into  the  OTA  cell 
in  a  proper  manner  so  as  to  achieve  good  thermal  contact  between  the  sample 
and  the  measuring  therescouples.  A?  a  result  the  repeatability  of  the  OTA  runs 
was  poor.  Indeed,  it  is  felt  that  many  of  the  features  observed  in  the  several 
thermograms  reflect  movement  of  the  sample  and  changing  degree  of  contact 
between  the  sample  and  thermocou.lt‘.  This  is  particularly  true  of  the  many 
short-term  periodic  fluctuations  o*,served  in  the  runs  made  at  1.0  atm. 

Several  runs  were  made  at  each  pres*  re.  ill  data  are  presented  in  Figures  lOu 
and  101  to  enable  -  ader  to  grasp  Me  general  pattern  of  the  decomposition 
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and  the  other  processes  which  affect  the  DTA  runs. 

Motion  of  the  sample  in  the  DTA  cell  occurs  when  the  liquid  layer 
is  pushed  upward  under  the  influence  of  the  pressure  of  sample  vapors  and/or 
entrapped  air.  An  increment  of  sample  is  pushed  upward  by  the  vapors  until 
the  liquid  film  breaks.  At  that  point  the  liquid  flews  back  to  the  lower 
regions  of  the  sample  container  and  the  process  is  repeated.  The  repression 
of  sample  vaporization  at  higher  pressures  causes  a  marked  reduction  in  such 
osciilc-ion  of  the  sample  level. 

At  1.0  atm.  cui  increase  in  oscillation  occurs  after  620  deg.  F. 

One  may  conclude  as  a  consequence  that  sample  vaporization  increased 
markedly  when  that  temperature  was  reached.  Additional  changes  are  observed 
in  the  848°  to  885  deg.  F.  region  -  either  change  in  slope  or  degree  and 
nature  of  sample  oscillation.  This  may  indicate  further  changes  in  the 
character  of  the  sample.  At  5.1  atm.  volatilization  induced  processes  in 
the  620  deg.  F.  region  are  not  observed.  Rather  smooth  thermograms  without 
pronounced  oscillations  are  obtained.  A  rather  slight  exothermic  break 
occurs  in  the  830°  to  875  deg.  F.  region.  On  the  basis  of  the  foregoing 
the  following  general  conclusions  can  be  reached:  1)  Sample  volatilization 
becomes  important  above  620  deg.  F.  and  continues  over  a  wide  range  of 
temperatures.  2)  Deco ’position  of  sample  and/or  sample  residues  occur 
above  80O  deg.  F. 

2. 3. 3. 8  ELQ-67-45.  Nitrogen  Atmosphere.  Thermocouple  Pair  T-ll. 

9.2°F./Min.  Scan  Rate.  See  Figure  102. 

The  sample  is  comparatively  low  boiling.  At  1.0  atm.  an  intense 
boiling  endotherm  at  417  deg.  F.  is  preceded  by  a  boiling  endotherm  at 
406  deg.  F.  A  slight  exotherm  is  observed  at  temperatures  below  the  boiling 
point  at  397  deg.  F.  A  similar  peak  also  occurs  after  the  boiling  endotherm 
at  523  deg.  F.  After  523  deg  F.  the  trend  of  the  thermogram  is  endothermic. 
Peaks  occur  at  715°  and  772  deg.  F.  These  are  due  to  the  evaporation  and 
boiling  of  heavier  components  or  residues  from  earlier  decomposition.  At 
5.1  atm.  the  main  boiling  endotherm  is  shifted  to  509  deg.  F.  A  small 
satellite  peak  is  seen  at  537  deg.  F.  A  broad,  weak  exotherm  precedes  the 
boiling  peak.  It  begins  at  350  deg.  F.  and  reaches  its  maximum  at  410  deg.  F. 
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After  the  boiling  peak  a  small  exotherm  at  611  deg.  F.  is  suggestive  of  a 
decomposition  reaction.  At  5.1  atm.  the  endotherms  which  occur  after 
523  deg.  F.  at  1.0  atm.  are  completely  suppressed. 

2. 3. 3. 9  ELO-67-45.  Air  Atmosphere.  Thermocouple  Pair  T-8. 

9.2°F./Min.  Scan  Rate.  See  Figure  193. 

The  thermogram  for  sample  ELO-67-45  in  air  is  cuite  similar  to 
that  obtained  in  a  nitrogen  atmosphere.  One  of  the  main  differences  is 
that  at  1.0  atm.  a  slight  periodic  instability  is  observed  to  begin  at 
371  deg.  F.  just  before  the  main  boiling  endotherm  at  417  deg.  F.  A 
second  periodic  instability,  more  pronounced  than  the  first,  occurs  between 
443°  and  775  deg.  F.  The  former  effect  is  probably  due  to  sample  motion 
produced  by  the  rapid  evaporation  of  the  sample.  However,  the  latter  effect, 
may  be  the  result  of  any  one  of  several  causes.  These  include:  motion  of 
sample  residues  under  the  influence  of  their  own  vapor  pressures;  refluxing 
of  the  more  volatile  components  of  sample  residues;  rapid  degradation  of 
sample  residues  to  produce  small  amounts  of  volatile  materials  which  are 
rapidly  lost  in  the  manner  which  is  commonly  observed  for  silicones;  and 
the  return  and  rapid  re-evaporation  of  major  components  originally  lost 
below  435  deg.  F.  These  pressure  dependent  processes  are  suppressed  at 
5.1  atm.  At  that  pressure  evaporation  endotherms  which  occur  between  410° 
and  500  deg.  F.  are  followed  by  a  strong  boiling  endotherm  at  522  deg.  F. 

A  small  endotherm  at  720  deg.  F.  probably  corresponds  to  the  endotherm  seen 
at  775  deg.  F.  in  the  ran  made  at  1.0  atm.  under  air  and  at  772  deg.  F.  in 
the  run  made  at  1.0  atm.  under  nitrogen.  The  most  probable  effect  of  the 
presence  of  air  is  to  produce  an  oxidation  reaction  which  leads  to  the 
evolution  of  small  amounts  of  volatile  components  whose  presence  is  marked 
by  the  periodic  instability  recorded  between  443°  and  775  deg.  F.  at  1.0  atm. 

2.3.3.10  ELO-67-51.  Nitrogen  Atmosphere.  Thermocouple  Pair  T-10- 

compensated.  9,2°F./Min,  Scan  Rate.  See  Figure  104. 

At  1.0  atm.  the  thermogram  of  the  sample  exhibits  a  weak  endothermic 
drift  between  708°  and  787  deg.  F.  which  is  the  result  of  evaporation  of  the 
sample.  After  787  deg.  F.  an  intense  boiling  endotherm  with  peak  at  805  deg.  F. 
is  seen.  Satellite  boiling  peaks  occur  at  853°  and  865  deg.  F.  These  are 
followed  by  a  weak  exotherm  at  878  deg,  F.  which  may  reflect  the  decomposition 
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of  sample  residues.  At  5.1  atm.  the  evaporation  and  boiling  endotherms  are 
much  weaker.  The  onset  of  evaporation  is  observed  at  790  deg.  F;  the  boiling 
endotherm,  at  897  deg.  F.  At  temperatures  up  to  and  including  the  boiling 
point  at  5.1  atm.  the  sample  appears  to  be  quite  stable. 

2.5.3.11  EL0-67-51.  Air  Atmosphere.  Thermocouple  Pair  T-10 -compensated. 

9.2®F./Min.  Scan  Rate.  See  Figure  105. 

In  air  the  decomposition  of  EL0-6?-5i  appears  to  follow  very  much 
the  same  pattern  as  that  observed  to  occur  under  nitrogen.  At  1.0  ata. 
while  a  small  endotherm  is  observed  at  613  deg.  F.  evaporation  probably 
does  not  produce  a  measurable  endotherm  until  754  deg.  F.  This  continues 
until  792  aeg.  F.  which  marks  the  beginning  of  the  main  boiling  endotherm 
with  peak  at  810  deg.  F.  A  small  endotherm  is  also  seen  at  923  deg.  F. 

At  5.1  atm.  evaporation  begins  at  813  deg.  F.  and  continues  until  a  maximum 
is  reached  at  the  boiling  temperature  916  deg.  F.  A  weak  exotherm  at 
877  deg.  F.  probably  is  the  result  of  the  same  process  that  produced  a 
similar  peak  at  878  deg.  F.  under  nitrogen  at  1.0  ata.  This  decomposition 
is  probably  so  minor  that  its  weak  exotherm  is  not  always  sufficiently 
strong  to  be  detected.  No  significant  features  are  seen  in  the  thermogram 
of  the  sample  in  air  that  are  not  also  seen  in  the  thermogram  made  under  a 
nitrogen  atmosphere. 

2 .4 _ Conclusion  : 

Frequent  thermocouple  failure  was  experienced  during  the  differential 
thermal  analysis  of  samples  ElO-67-13,  EIO-67-4S  and  EIO-67-S1.  In  every 
case  failure  was  found  to  be  due  to  a  corrosive  penetration  of  the  stainless 
steel  thermocouple  sheath.  Sample  ElO-67-13  seemed  to  be  a  particularly  bad 
offender  during  DTA  studies  made  at  SO.O  atmospheres  pressure.  Presumably 
this  effect  was  due  to  the  fact  that  at  that  pressure  the  corrosive  material 
w»s  kept  in  contact  with  the  thermocouple  sheath  for  a  longer  time  before 
being  evaporated  from  the  test  system,  because  of  the  high  rate  of 
thermocouple  failure  which  was  encountered  with  these  samples  studies  at 
50.0  a:».  were  discontinued. 

Studies  now  in  progress  to  be  reported  in  future  reports  in  this 
series  comprise  investigation  of  the  thermal  and  oxidative  degradation  of 
fluids  in  the  presence  of  metal  oxides  other  than  Fe,0  ,  TiO,,  Cu-,0  snd  CuO. 

*  d  (.  i 
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FIGURE  IQS.  DIFFERENTIAL  THERMAL  ANALYSIS.  F.LO-67-51  .  AIR  ATMOSPHERE. 


3.  THERMAL  STABILITY: 


3.1 _ Introduction: 

Two  principal  techniques  are  currently  in  conroon  use  for  the 
evaluation  of  the  thermal  stability  of  fluids  and  lubricants.  Both  are 
variants  of  sealod-tube  methods  which  have  been  widely  used  over  the  years 
for  this  purpose.  In  each  case  the  volatile  decomposition  products  produced 
by  decomposition  are  retained  in  the  system  so  as  to  remain  in  continuous 
contact  with  fluid  being  examined. 

In  one  method  the  sample  is  placed  in  a  fcorosilicate  glass  cell, 
dried  and  degassed  by  agitation  under  vacuum  at  elevated  temperature,  and 
sealed.  The  sealed  tube  and  sample  are  then  exposed  at  a  selected 
temperature  for  a  designated  time.  After  exposure,  the  samole  is  cooled, 
removed  from  the  tube  and  examined  for  changes  m  its  properties.  No  metals 
or  c-  alysts  are  used.  The  procedure  for  this  test  is  described  in  Method 
2f-  4  of  Federal  Test  Method  Standard  791a.  The  usual  exposure  is  24  hours 
at  S00  deg.  F.  These  conditions  are  the  same  as  those  specified  in  Military 
Specification  MIL-L-23699A  for  lubricating  Oil,  Aircraft  Tvrbinr  Engines, 
Synthetic  Base.  Other  conditions  are  possible  of  course.  The  only  limitation 
is  the  stability  of  the  fluids  under  study  and  the  strength  of  the  glass  tube. 
Both  the  stability  of  the  sample  and  the  "trength  ot  the  tube  decrease 
significantly  at  temperatures  above  500  deg.  F.  In  many  cases  useful 
sample  stability  can  be  maintained  at  temperatures  above  500  deg.  F. 

However,  the  strength  of  the  glass  at  that  temperature  is  such  to  render 
such  measurements  fairly  dangerous.  Another  factor  of  importance  with  respect 
to  safety  is  that  ester~ba$ed  fluids  as  well  as  various  other  types  can  be 
hydrolytically  unstable  at  very  high  temperatures.  The  presence  of  slight 
traces  of  water  in  such  materials  can  lead  to  excessively  high  decomposition 
pressures  which  may  rupture  the  sample  tube  with  catastrophic  results. 

The  second  type  of  thermal  stability  measurement  is  that  described 
in  Military  Specification  Mll-H-27bOlA,  Hydraulic  Fluid,  Petroled  Base,  High 
Temperature ,  Flight  Vehicle.  The  stainless  steel  tes;  bomb  specified  in  that 
method  has  far  greater  strength  than  the  glass  reaction  tube  described  aboir'. 


For  this  reason  operation  at  higher  temperatures  and  the  use  of  metal 

catalysts  are  safe  as  well  as  practical.  Provision  ic  made  for  the  use  of 

a  pressure  gauge  with  this  test  cell.  In  the  standard  apparatus  used  in  the 

present  investigations  an  additional  Modification  has  been  introduced  to 

protect  against  excessively  high  pressures  which  nay  sonatinas  be  encountered 

in  the  evaluation  of  toiknown  experimental  systens.  This  comprises  a  safety 
* 

head  with  rupture  disc  with  appropriate  bursting  characteristics  to  guard 
both  the  test  boah  and  associated  instrumentation  used  in  the  systen  against 
pressure  overloads. 

Evaluation  of  thermal  stability  by  the  method  of  MI1.<H-2?601A  is 
customarily  accomplished  by  the  determination  of  changes  in  fluid  viscosity 
and  acidity  and  catalyst  weight  loss  or  gain  as  a  result  of  exposure.  There 
are  no  current  requirements  in  effect  which  limit  the  pressure  developed  as 
a  result  of  the  decomposition  of  the  sample.  However,  the  decomposition 
pressure  produced  in  the  standard  apparatus  can  be  monitored.  This  requires 
the  taking  of  multiple  gauge  readings.  That  procedure  is  both  inconvenient 
and  unsatisfactory  in  that  those  changes  in  pressure  which  are  due  to  the 
rapid  breakdown  of  the  sample  after  an  initial  induction  period  may  not  be 
detected  until  long  after  they  have  occurred.  It  is  the  purpose  of  the 
present  series  :i  measurements  to  investigate  the  deco^wsition  pressure 
phenomenon  as  it  relates  to  thermal  stability.  For  this  purpose  an 
instrumented  test  cell  has  been  designed  to  permit  the  continuous  recording 
of  pressure  within  the  system. 

3.2  apparatus  and  Procedures: 

The  standard  KfL~H-2760lA  thermal  stability  test  cell  has  been 

*• 

modified  by  the  substitution  of  a  hooded  strain  gauge  pressure  transducer 
for  the  pressure  gauge.  As  stated  above,  the  cell  and  pressure  element  are 
protected  by  a  safety  head  and  rupture  disc.  The  configuration  of  the  system 

*  Th-»  2S  Safety  Head  manufactured  by  Alack.  Sivalis  and  Bryson ,  Inc., 

Kansas  City,  Missouri,  has  been  found  to  be  satisfactory. 

••  A  Model  211  pressure  transducer  with  appropriate  adapter  manufactured 
by  Norwood  Division  of  American  Standard,  Monrovia,  California,  has 
been  found  satisfactory. 
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has  been  adjusted  to  minimize  entrapment  of  overhead  condensate  and  to  permit 
such  condensate  to  return  to  the  sample  boat  by  a  direct  route.  The  apparatus 
is  shown  schematically  in  Figure  106.  In  other  respects  the  apparatus  and 
techniques  employed  in  the  current  studies  arc  identical  to  those  stipulated 
by  the  military  specification. 

3. 3 _ Results  and  Discussion: 

In  the  present  series  of  investigations  the  thermal  stabilities  of 
seven  different  fluids  have  been  evaluated.  7h"  data  are  presented  in 
Figures  10?  through  115,  Tables  XVI  through  XXII.  In  order  to  determine 
the  effect  if  any  of  changes  in  the  geometry  of  the  experimental  system 
occasioned  by  the  use  of  the  pressure  transducing  element,  studies  in  each 
case  have  been  made  with  both  the  standard  and  the  modified  systems.  Data 
for  sample  MLO-64-8  using  the  standard  system  have  been  taken  from  an  earlier 
report  (Reference  4)  but  are  repeated  at  this  time  for  ease  of  comparison. 

Some  differences  may  be  noted  in  the  results  obtained  with  the  different 
experimental  systems.  It  is  felt  however,  that  these  represent  natural 
experimental  variations.  There  is  no  evidence  to  suggest  the  existence 
of  systematic  deviations  caused  by  the  changes  in  the  apparatus. 

Pressure  vs.  time  plots  obtained  with  the  modified  apparatus  are 
shown  in  Figures  107  through  115.  Even  in  the  few  systems  which  have  been 
studied  to  date  -ertain  distinctive  differences  in  behavior  may  be  noted. 
Stable  samples  with  low  vapor  pressure  at  the  test  temperature  show  a  small 
initial  pressure  rise  with  little  or  no  further  increase  during  the  course 
of  exposure.  Saapies  HL0-64-8  at  700  deg.  F.,  ELO-64-68  at  7C0  deg.  F. , 
and  ELQ~6fe~2Q  at  650  deg.  F.  are  examples.  Sample  £10-66-31  at  650*  and 
70U  Jeg.  F.,  is  less  stable  than  any  of  the  foregoing.  An  initial  rapid 
increase  in  pressure  due  to  sample  vapor  pressure  is  followed  by  a  continuing 
rise  which  is  indicative  of  moderate  deconposition .  The  pressure  measurements 
indicate  that  sample  EL.G-6S-4S  at  700  deg.  F.  is  still  less  stable.  At 
TOO  deg.  F .  the  pressure  in  the  system  containing  this  material  rises 
continuously  at  a  fairly  rapid  rate  throughout  the  course  of  exposure. 
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TASLE  XV! 


THSWAL  STABILITY  Of  ML0-C4-8 
per  KIUB-27601A  -  6  hours  g  700  deg.  F. 

Standard  Modified* 


Viscosity  9  100  deg.  ?.,  c«. 

Original  307.6 
After  exposure  302.0 
%  Ibereece  1.8 


308.0 

304.6 

1.1 


Ssutralixatlan  Me.,  ag.KOB/g. 

Original  Less  than  0.01 
After  exposure  Less  than  0.01 
Increese  0.00 


Less  than  0.01 
0.04 
0.034- 


Appearance  after  exposure:  Cloudy 


deer,  light  yellow 
with  iaadselble  layer 


Change  in  Height  of 
Metals,  ag. /sq.cm: 

M-10  0.00  Ho  change 

Bronte  0.32  Black  corrosion 

52-100  0.06  Slight  corrosion 


•  Pressure  gauge  replaced  by  pressure  transducing  cleaent. 


40.04  Moderate  tarnish 
40.08  federate  tarnish 
40.04  Moderate  tarnish 
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MLO-64-8  THERMAL  STABILITY  AT700°F 


FIGURE  107.  MLO-64-8.  THERMAL  STABILITY  AT  700  DEG. 


TABLE  XVII 


THERMAL  STABILITY  OF  ELO-64-68 
per  MIL-H-276Q1A  -  6  hours  ®  700  deg.  F. 


Standard 


Modified* 


Viscosity  @  100  deg.  F.,  cs. 

Original  347 • 2 
After  exposure  338*9 
$  Decrease  2.4 


347.2 

345.2 

0.6 


Neutralization  No.,  mg.KOH/g. 

Original  0.08 
After  exposure  0.04 
Increase  -0.04 


0.08 

0.12 

0.Q4 


Appearance  after  exposure:  Slightly  cloudy,  yellow 


Clear,  light  yellow 


Change  in  Weight  of 
Metals,  mg. /sq.cm: 

M-10  0.00  0.04  Slight  tarnish 

Bronze  0.04  Moderate  tarnish  0.08  Dull  tarnish 

52-100  0.00  0.06  Slight  tarnish 


*  Pressure  gauge  replaced  by  pressure  transducing  element. 
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ELO-64-68  THERMAL  STABILITY  AT  700°F. 


FIGURE  108.  ELO-64-68.  THERMAL  STABILITY  AT  700  DEG. 


TAELE  XVIII 


THERMAL  STABILITY  OF  ZLO-65-48 
par  MIUB-276caA  .  6  hour*  3  700  deg. 


Standard 

Viscosity  9  100  deg.  F.,  cs. 


Original  15-14 
After  exposure  13.44 
%  Decrease  11.2 

lieu  trail  ration  Ho.,  ag.KGE/g. 

Original  0.0? 
After  exposure  0.12 
Increase  0.05 


Appearance  after  exposure:  Slightly  cloudy, 

yells* 


Change  In  Weight  of 
Metals,  ag./sq.ca: 

M-10  0.00 

Bronxe  0.04  Moderate  tarnish 

52*100  0.00 


Modified* 


15.14 

12.24 

15.2 


C.07 

0.07 

O.GC 


Cloudy,  pale  yellcsrlsb 
gray  with  insdsclble 
layer 


0.00  Iridescent 
0.06  Slight  tamlsb 
0.00  Iridescent 


•  Pressure  gauge  replaced  by  pressure  transducing  clenent 


ELO-65-48  THERMAL  STABILITY  AT  700«F 


TA3LE  XIX 


THHtMAL  STABILITY  Of  HLXL66-20 
per  MIL-&.27601A  -  6  honrs  #  630  deg.  T* 


Viscosity  #  100  deg.  F.,  cs. 

Original 
After  exposure 
1>  Decrease 


Neutralisation  No.,  ag.KCB/g. 

Original 
After  exposure 
Increase 


Appearance  after  exposure: 


Change  in  Weight  cf 
Metals,  ag./aq.csu 

M-10 

Bronte 

52-100 


Standard 


326.4 

314.6 

3.6 


0.22 

0.76 

0.56 


dear,  brown 


0.C0  Slight  tarnish 
40.06  Moderate  tarnish 
0.00  Slight  tarnish 


*  Pressure  gauge  replaced  by  pressure  transducing  slaaeat. 


Modified* 


326.4 

315*1 

3.5 


0.22 

0.77 

0.55 


Clear,  brown 


C.OC  Slight  tarnish 
40.04  Moderate  tarnish 
0.00  Slight  tarnish 


1SS 


EL0-66-20  THERMAL  STABILITY  AT  650*F 


FIGURE  110.  E 10*66-20.  THERMAL  STABILITY  AT  6S0  DEG. 


TABLE  XX 


THERMAL  STABILITY  OP  &0-66-31 
per  MIL»H-g760IA  -  6  hours  3  60C  deg.  F. 


Standard 

Modified* 

Viscosity  9  100  dag.  F.,  cs. 

Original 

4.67 

4.67 

After  exposure 

4.76 

4.76 

$  Increase 

1$ 

1.9 

neutralisation  No.,  ag.KOB/g. 

Original  Less 

than  0.01 

Less  than  0.01 

After  exposure 

0.G1 

C.01 

Increase 

0.01 

C.01 

Appearance  after  exposure; 


Veter  white, 
clear 


Water  white, 
clear 


Change  In  Weight  of 
Metals,  cg./sq.c*. 

M-1C 

Bronze 

52-100 


0.00  Bo  change 
♦C.C4  Moderate  t^rciih 
O.OC  So  change 


O.CC  Ko  change 
♦C.C?  Moderate  tarnish 
C.OG  :<>  change 


*  Pressure  gauge  replaced  ty  pressure  transducing  elenent. 
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0-66-31  THERMAL  STABILITY  AT  60CTE 


FIGURE  111.  EL0-66-31.  THERMAL  STABILITY  AT  600  t£G 


TABLE  XX-COrmmJED 


THERM/ L  -T*£IT.!?y  OP  EIO-Il-31 
per  -  -  boor-  *  05C  de-.  P. 


Viscosity  *  ICC  deg.  F.,  cs. 

Original 
After  exposure 
$  Decrease 


Neutralization  I fo.,  P'-.KOC/g. 

Original  Less 

.■'fter  exposure 
Increase 


Appear? nee  after  exposure: 


Change  In  Weight  of 
Metals,  ttg./sq.cr: 

H-l^ 

Bronze 

52-1:0 


Preinure  gaupe  replaced  By 


Ctand  rd 


>■.67 

U.b* 

C.-’« 


then  C  .01  Las': 

C.C1 

0.01 


Clear,  pale  yellow 


f.CO  >to  change 
♦C.02  Moderate  tarnlnb 
O.CO  .’to  change 


pressure  trsn'duciog  elerwnt 


Modified* 


'*  .67 

h.C7 

C  .0 


than  C.C1 
0.01 
C.C1 


deer,  pale  yeU/v 


C.CO  Ho  change 

♦0 .Co  Moderate  tarnish 
O.X  No  change 
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EL0-66-3I  THERMAL  STABILITY  AT  650*E 


FIGURB  112.  THERMAL  STABILITY  AT  6 SO  DEC. 


TABLE  XX-COfiTT.FUED 


THERMAL  STABILITY  OF  ELO- 66-31 
per  WL-H-27601A  -  t  hours  70C  deg.  F. 


k 


Standard 

Modified* 

Viscosity  *  100  deg.  F.,  cs. 

Original 

4. 67 

4.67 

After  exposure 

4.00 

k.v 

i>  Increase 

2.8 

2.6 

Seutreli ration  Ho.,  njg . JCGB/,  j . 

Original  Less 

than  C.01  Less 

than  C.C1 

After  exposure 

0.02 

C.03 

Increase 

C.G1 

C.02 

Appearance  after  exposure: 

Clear,  pale  yellow 

dear,  pale  yellow 

Change  in  Weight  of 

Metals,  ag./sq.ca: 

M-10 

C.GC  No  change 

C.CO  No  change 

Btrottze 

*C.C4  Moderate  tarnish 

aC.C 2  Moderate  tarnish 

52-lCC 

C.CO  No  change 

C.OC  No  change 

*  Pressure  gauge  replaced  by  pressure  transducing  eleoenr. 
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.0-66-31  THERMAL  STABILITY  AT  700°F. 


>6-31.  THERMAL  STABILITY  AT  700  DEG. 


TABLE  XXI 


THERMAL  STABILITY  OF  ELO-66-51 
per  MIL-H-2^- 'v>  A  -  6  hours  @  JOO  deg.  F. 


Standard 

Modified* ** 

Viscosity  §  ICO  deg.  F«,  cs. 

Original 

26.20 

26.2o 

After  exposure 

26.06 

26.00 

$  Decrease 

0.5 

0.8 

Neutralization  No.,  mg.KOH/g, 

.« 

Original 

33.^ 

33-1* 

After  exposure 

44.  C 

41.2 

Increase 

10-6 

7.8 

Appearance  after  exposure: 

dear,  dark  grayish  brown 

dear,  dark  grayish  brown 

Change  in  Weight,  of  Metals, 
mg. /sq.cm: 

K-10 

-.00  Slight  tarnish 

40.02  Slight  tarnish 

Bronze 

40. 08  Broun 

40.08  Brown 

52-100 

40.04  Slight  tarnish 

0.00  Slight  tA.'nish 

•  Pressure  gauge  replaced  by  pressure  transducing  decent. 

**  Sample  was  inrniscltle  In  titration  solvent.  Best  repeatability  vas 
obtained  at  high  stirring  rates. 
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ELO-66-51  THERMAL  STABILITY  AT  700eF. 
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FIGURE  114.  ELO-66-51.  THERMAL  STABILITY  AT  700  DEG. 


TABLE  XXII 


THERMAL  STABILITY  OF  ELO-67-49 
per  MIL-H-27601A  -  6  hours  9  700  deg.  F. 


Standard 

Modified* 

Viscosity  9  100  deg.  F.,  cs. 

Original 

16.84 

16.84 

After  exposure 

12.36 

12.42 

%  Decrease 

26.6 

26.2 

Heutralizatioc  Ho.,  ■g.KOH/g. 

Original 

0.06 

0.06 

After  exposure 

0.06 

0.C9 

Increase 

0.00 

■♦0.03 

Appearance  after  exposure: 

Slightly  cloudy, 
light  brown 

Slightly  cloudy, 
light  brown 

Change  In  Weight  of  totals, 
og./aq.ca: 

M-10 

0.00  Slight  change 

0.00  Slight  change 

Bronze 

0.C8  light  brown 

+0.12  light  brown 

52-100 

O.CC  Slight  change 

0.00  Slight  change 

*  Pressure  gauge  replaced  by  pressure  transducing  element. 


ELO  -  67-49  THERMAL  STABILITY  AT  700°F. 


Chi  the  basis  of  the  foregoing  data,  it  is  obvious  that  the  addition 
of  a  continuous  pressure  measurement  capability  to  the  thermal  stability 
apparatus  provides  much  useful  information.  While  sufficient  data  to  permit 
any  firm  conclusions  are  not  yet  available  at  this  stage  of  the  investigation, 
it  say  ultimately  be  revealed  that  some  systems  which  are  apparently  stable 
from  the  standpoint  of  corrosiveness  and  bulk  fluid  properties  may  be  found 
to  be  unsatisfactory  by  the  criterion  of  pressure  build-up.  Rate  of 
pressure  build-"?  is  an  alternate  criterion  for  evaluation  of  stability. 
h'?ne  of  the  samples  studied  thus  far  suffered  catastrophic  breakdown  after  an 
initial  period  of  apparent  relative  stability.  The  existence  of  such  induction 
periods  prior  to  decomposition  is  common  in  the  case  of  oxidative  degradation 
and  may  prove  to  be  of  importaO'-e  with  respect  to  therms!  decomposition  as  well. 

4,  CHEMICAL  AND  PHYSICAL  PROPERTIES  Of  ExTERIlCNTAL  LUBRICANTS 

Tables  XXIII  through  XLIV  and  Figure  116  summarize  chemical  and 
physical  measurements  made  during  the  current  reporting  period  on  a  variety 
of  experimental  fluids  and  greases. 


5 .  FUTURE  WORK 

The  fixation  of  atmospheric  nitrogen  by  combination  wifi*  oxygen  in 
a  spark  dischar^f  or  an  active  surface  at  elevated  temperatures  is  a  well 
known  phenomenon.  That  this  occurs  in  automotive  internal  combustion  engines 
is  a  primary  cause  of  the  air  pollution  due  to  that  source.  The  interaction 
of  such  nitrogen  oxiu  s  with  lubricating  fluids  has  been  used  as  an  index  of 
lubricant  degradation  l  *  L.  Gardner.  (Reference  7)  That  author  made 
quantitati .?  measuremen  s  of  infrared  absorption  in  the  6.1  micron  region 
to  determine  the  extent  f  formation  of  organic  nitrates  produced  by 
interaction  with  nitrogen  in  blow-by  gases.  The  results  of  that  work 

suggest  he  possibility  of  e*  ending  the  scope  of  current  corrosion  and 
oxidation  stability  te?is  throu,  h  the  artificai  introduction  of  small  amounts 


16. 


of  nitrogen  oxides  to  the  air  stream  bubbled  through  the  samples.  This  could 
easily  be  accomplished  through  the  use  of  a  controlled  spark  discharge  in  the 
entering  air  stream.  Such  a  modification  would  provide  an  additional  variable 
in  the  corrosion -oxidation  testing  program  which  would  permit  the  simulation 
of  actual  operating  conditions  more  nearly  than  is  now  possible. 

Nhile  nitrogen  fixation  may  be  of  greatest  importance  in  reciprocating 
internal  combustion  engines  using  gasoline  fuels,  it  seems  likely  that  it 
cm  occur  to  some  degree  in  any  engine  system.  For  this  reason  it  is  felt 
that  an  initial  investigation  of  nitrogen  fixation  in  various  lubricating 
fluids  should  be  made  and,  depending  on  the  results  of  such  an  investigation, 
a  study  of  the  effects  of  nitrogen  oxides  on  corrosion -oxidation  tests  should 
follow. 
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TABLE  XXIII 


SAMPLE  fflJK33t  MA-64J* 


Specification  MLL-E-5606B 


Plash  Point,  dag.  F.  435 

Fire  Brtnt,  deg.  F.  500 

Cb^per  Strip  Corrosion  (72  hours  6  250  deg.  F. )  Moderate  taraish-2B 

Pour  Point,  deg.  F.  35  below  0 

Rubber  Swelling,  $  ("L"  Rubber)  14.43 

Preparation  That  (4  hours  ©  150  deg.  F. )  Passes  -  Oily,  not  herd  or  tacky 

Specific  Gravity  9  60/60  deg.  F.  0.8862 

Spontaneous  Ignition  Tfeoperature,  deg.  F.  680* 

(ASBt  D  266) 

•  Moderate  Mount  of  carbonaceous  residue 

FOAMLBG  TEST 


Tosereture 

Fbndng  Tendency: 

Foae  valune,  nl. 
at  end  of  5  sin. 
blowing  period 

Foes  Stability: 

Foae  voluse,  si. 
at  end  of  10  sin. 
wattling  period 

75  dag.  F. 

540 

50  si.  after  10  slnutes 

200  dag.  F. 

45 

30  si.  after  10  slnutes 

75  deg.  P. 

500 

5  si.  after  10  slnutes 
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t^ple  XXI II -continued 

SAMPLE  NUHBH1  MLQ-64-4 

CORROSION  AND  OXIDATION  STABILITY  TEST 
168  tours  3  250  dag.  F.  -  MIL-H-56o6B« 

TSests  on  the  Q-iglnal  Oil: 

Viscosity  §  130  deg.  F.,  cs.  34. 64 

Neutralization  No.,  ^.KQH/g.  C.O? 

Tests  00  the  ttcidited  Oil: 

Viscosity  §  130  deg.  F.,  cs.  34.97 

Neutralization  No.,  ag.KOH/g.  0.07 

Evaporation  Loss,  $  0.83 

Appearance  after  oxidation:  Straw  color;  ao  precipitate 

Increase  in  Viscosity,  1>  1.0 

Increase  in  Neutralisation  o.,  ag.KOG/g.  C.04 

Loss  of  Weight  of  Itetala,  ag./sq.ca: 

Magnesiun  0.00 

Aluminum  0.00 

Copper  0.00 *  ** 

GadsdiaD  C  .00 

Steel  O.GO 

*  Air  flow  5  io.5  liters /hour.  With  reflux. 

**  Itedarate  temish-2E 
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T'CLE  XXIV 


sawlb  mams*  vw-  jk 


Specification  KLL-H-5 


nub  Itolnt,  deg.  P. 

Kit  %lat,  dag.  P. 

(Sapper  Strip  Cbrroalan  (72  hours  i  250  deg. 

Sour  Point,  deg.  P. 

ftibbar  Swelling,  %  ("L"  Bibber) 

Braporatloo  That  (4  hours  §  150  deg.  P. ) 

Specific  Gravity  9  6o/6c  dag.  F. 

Spontaneous  Ignition  Dnpereture,  deg.  F. 
ASTM  0  28 6 

•  Light  carbonaceous  residue 

PQAKIfC  TEST 

Phoning  Tendency: 

Fban  voluno,  ml. 
at  end  of  5  aln. 

Tynparatura _ bloving  period _ 

75  deg.  F*  515 

2X  dej.  F.  % 

75  de*.  F.  4*C 


1?; 


1 

06b 


340 

3hC 

P. )  Moderate  ternlib-2£ 

60  below  0 

7-91 

Bisses  -  Oily,  not  bard  or  tacky 
0.8804 
64o* 


roan  Stability: 
Fban  volt—*,  nl. 
at  cod  of  10  nin. 
settling  period 


1C  &1.  after  1C  sdnutes 
3C  ad.  ssler  It  ninutes 
15  el.  after  1C  aibutes 


TABLE  JOaV-CaKTINUSE 


SAWLT  MDMBER  tCC^o4-> 


ccraonoi  AID  aXIDAdC* **  STABILITY  TB3T 
166  how  •  230  de^*  F.  -  KEUH>36o6b» 

Tests  op  tbs  (frlglcs!  QL1: 


Viscosity  1 130  deg.  r.,  es.  34.67 

neutralisation  Wo.,  ag.KCB/g.  0*09 

That*  on  the  CklAlsed  QU. : 

Viscosity  •  130  deg.  F.,  cs.  45,74 

Msutralixation  lo.,  ag.KDE/g.  0.14 

irmparstlon  Loss,  f»  O.72 

fripesrsuc*  after  axidatioo:  Jfoderate  saber;  no  precipitate 

lacrosse  in  Viscosity,  f  31.9 

Increase  in  fcutrelisatian  *>.,  ag.KCX/g.  0.0> 

Loss  of  Weight  of  ItUli,  ag./»q.ca: 

MtgBSSlUA  0.00 

ALukIbu*  0.00 

OOcper  0.06 

Qsosdus  0.07 

Steal  C.OO 


•  Atr  flew  5  ^0*5  liter* /hour.  With  reflux. 

**  Dark  tsrol*b*3A 


t 


-$ 


TABI.E  XXV 


SAMPLE  NUMBER  EL0-66-20 

Brapc ration,  #  (b|  hours  ®  400  deg.  1.)  21*5 

Raur  Paint,  deg.  F.  10 

Kinematic  Viscosity  <§  130  deg.  ?.,  cs.  112.13 

Kinematic  Viscosity  <3  400  deg.  F.,  cs.  1.42 
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TABLE  XXV- CONTI NUED 


SAI4PLE  NUMBER  ELO-65-2C 


Corrosion : 


HYDROLYTIC  STABILITY  TEST 
HLL-H-644JB  -  46  hours  %  20C  deg.  F. 


1.  Loss  of  veight  of  copper ,  mg. /sq.cm: 

a.  Before  brushing  I.23 

9.  After  brushing:  1,23 

2,  Appearance  of  copper: 

a.  Eefore  brushing  Slight  etching 

b.  After  brushing  Slight  etching 


Resistance  to  Hydrolysis: 


1.  Viscosity  15  ICO  deg.  F.,  cs. 


e. 

Qrigiral  sample 

326.4 

b. 

After  test 

525.4 

c. 

?o  change 

-c.3 

if  4 

Neutral! 

zaticn  Ho.,  mg.KOH/g: 

e. 

Water  layer 

C.G5 

b. 

Organic  layer 

Original 

0,22 

After  test 

27.50 

Increase 

27.28 

3- 

Insoluble  material  in  oil  leyer,  $ 

0.2Q 

4. 

Color 

Lighter 

then  C.5 
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TABLE  XXVI 


SAMPLE  '.iUMEEPi 

ELO- jo-2- 

SAIPLE 

SLO-oo- 

Kinematic  Viscosity: 

'  13C  F. 

ns.  25 

ll5.^o 

S  21C  dcj.  F. 

15.25 

15.0-5 

S  -ice  dcj.  F. 

1.44 

l.-y 
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TABLE  XXVI I 


SAMPLE  NUMBER  EL0-66-30 

RUBBER  DETERIORATION  TEST 
l66  hours  at  275  degrees  F. 
MIL-H-5606B _ 


swlling  (shrinkage)  of  "L"  Stock  Rubber  Specimens  7.45 

DURCMETER  HARDNESS 


Duraneter  Hardness  Before  Test  72 

Duranetar  Hardness  After  Test  74 

ELONGATION 

Elongation  Before  Test,  in*  2*53 

Elongation  After  Test,  in. 

1st  specimen  0.9 

2nd  specimen  0.9 

3rd  specimen  0.8 

Average  O.87 

Decrease  65 .6 

TENSILE  STRENGTH 

Tensile  Strength  Before  Test,  psi  3,084 

Tensile  Strength  After  Test,  psi: 

1st  specimen  1,426 

2nd  specimen  1/577 

3rd  specimen  1,366 

Average  1,456 

Decrease,  %  52.78 


TABLE  XXVI I -CONTINUED 


SAMPLE  NtKBER  SLQ -66-30 

RUBBER  DETERIORATION  TEST 
168  hours  at  275  defenses  F. 
_ MIL-H-5606B _ 


*f>  swelling  of  "RAK-3"  (labeled  no  post  cure)  Stock  Rubber  Specimens  3*3^ 

DURCMETER  HARDNESS 

Duraneter  Hardness  Before  Test  85 

Dur coster  Hardness  After  Test  89 

ELONGATION 

Elongation  Before  Test,  in.  1.8 

Elongation  After  Test,  In: 

1st  specimen  1.5 

2nd  specimen  1.2 

3rd  specimen  1.5 

Average  1.4 

Decrease  22.2 

TENSILE  STRHigm 

Tensile  Strength  Before  Test,  psi  2,387 

Tensile  Strength  After  Test,  psi: 

1st  specimen  1,877 

2nd  specimen  1,651 

3rd  specimen  1,877 

Average  1,801 

Decrease,  $  24.6 
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TABLE  xxvn- com :tueb 


SAMPLE  NIMHER  ELO -66-BO 


« 


RUBBER  DETERIORATION  TEST 
160  hours  at  275  degrees  F. 

_ MIL -H -5606 B _ 

i>  swelling  of  "RAK-26"  (labeled  no  post  cure)  Stock  Rubber  Specimens  O.36 

i>  shrinkage  of  "RAK-26"  (labeled  no  poet  cure)  Stock  Rubber  Specimens 

1st  specimen  0.50 

2nd  specimen  2.60 


DURGMETER  HARDNESS 


Durcneter  Hardness  Before  Test  85 

Durometer  Hardness  After  Test  89 

ELONGATION 

Elongation  Before  Test,  in.  2.0 

ELongaticn  After  Test,  in: 

1st  specimen  1.3 

2nd  specimen  1.4 

3rd  specimen  1.3 

Average  1.3 

Decrease  55  *0 

TENSILE  3TR3NCTH 

Tensile  Strength  Before  Test,  psi  2,177 

Tensile  Strength  After  Test,  psi: 

1st  specimen  1,832 

2nd  specimen  1,802 

3rd  specimen  1,727 

Average  1,787 

Decrease,  $  17 .9 
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TAELE  XXVI I -CONTINUED 


SAMPLE  NH4KSB  ELO-66-30 


RUBBER  DETERIORATION  TEST 
168  hours  at  275  degrees  F. 

_ MIL-H-5606B _ 

$  swelling  of  "RAX -26”  (labeled  poet  cure)  Stock  Rubber  Specimens  O.36 

%  shrinkage  of  "RAK-26"  (labeled  poet  cure)  Stock  Rubber  Specimens 

1st  specimen  5  *36 

2nd  specimen  0.15 


DUROMETER  HARDNESS 


Durcneter  Hardness  .Before  Test  86 

Durcoeter  Hardness  After  Test  87 

ELONGATION 

Elongation  Before  Test,  in.  1.^ 

Elongation  After  Test,  in: 

1st  specimen  1»4 

2nd  specimen  0.5 

3rd  specimen  1.6 

Average  1.3 

Decrease  7 .2 

TENSILE  STKSHUTH 

Tensile  Strength  Before  Test,  pal  1,952 

Tensile  Strength  After  Test,  psi: 

1st  specimen  1,772 

2nd  specimen  1,W6 

3rd  specimen  1,892 

Average  1,716 

Decrease,  %  12.1 
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TABLE  XXVIII 


SAMPLE  NUMBER  ELO-66-3^ 


STD  Panel  Coking  Test,  mg.  deposit  1308 


CORROSION  AND  OXIDATION  STABILITY  TEST 
72  hours  9  347  der.  F.  -  MIL-U007809F* 

Tests  on  the  Original  Oil; 


Viscosity  @  100  deg.  F.,  cs.  62.91 

Neutralization  No.,  mg.KOH/g.  C.04 

Test 8  on  the  Oxidized  Oil: 

Viscosity  @  100  deg.  F.,  cs.  89.62 

Neutralization  No.,  mg.KOH/g.  6.20 

Evaporation  Loss,  1.00 

Appearance  after  oxidation:  Dark  reddish  brown;  no  precipitate 

Increase  in  Viscosity,  $  42.it 

Increase  in  Neutralization  No.,  mg.KOH/g.  6,l6 

Sludge  retained  on  10  micron  millipore  filter,  mg./ 100  ml.  ** 


Loss  of  Weight  of  Metals,  mg. /sq.cm: 


Magnesium 

Aluminum 

Oopper 

Silver 

Steel 

*  Air  flow  5  ^0. 5  liters/hour.  With  reflux. 

**  Cannot  be  filtered  thru  10  micron  filter. 

***  Dull  gray-etched . 

****  Bright  etching. 

*****  Light  brown  stain. 

Gold. 


5.3S  *** 

0.00 

C.4C  **** 
C.01  ***** 

r\r  M  M  M  M  M  M 
^  1  ^  f  m  ■ 
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TABLE  XXVUI-CONTINUED 


SAMPLE  NUMBER  ELQ-66-jk 


CCRR06I0N  AND  OXIDATION  STABILITY  TEST 
72  hours  3  400  deg*  F.  -  MIL.L-007808F* 


Tests  on  the  Original  Oil: 


Viscosity  9  100  deg.  F.,  cs. 

62.91 

Viscosity  ©  210  deg.  F.,  cs. 

9.17 

Neutralization  No.,  m^.KOH/g. 

0.04 

Tests  on  tbe  Oxidized  Oil: 

Viscosity  ©  100  deg.  F.,  cs. 

91.59 

Viscosity  9  210  deg.  F.,  cs. 

11.83 

Neutralization  No.,  mg.KDE/g. 

4.24 

Evaporation  Loss,  $ 

1.65 

Appearance  after  oxidation:  Dark  brown;  moderate  precipitate 

Increase  In  Viscosity  9  ICO  deg.  F.,  %  4f>.6 

Increase  In  Viscosity  <9  210  deg.  F.,  jt  2$, 0 

Increase  in  Neutralization  No.,  mg.KQH/g.  4.20 

Sludge  retained  on  10  micron  millipore  filter,  mg./lOO  ml.  ** 


lose  of  Weight  of 


Msgtesium 

Alurinutc 

Copper 

Silver 

Steel 

*  Air  flow  5  to. 5  iiters/bour.  With  reflux. 

**  Cannot  be  filtered  thru  1C  micron  filter. 

***  Dull  gray-etched . 

****  Bright  etching. 

*****  Light  gold. 

******  Gold  and  blue. 


13.32  *** 
0.0 

1.19  **** 
0.02  ***** 
C.OG  ***** 


/ 
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TABLE  XXVI I T -CONTINUED 


SAMilS  KUMBEB  ELQ.66-31 


CORROSION  AND  OXIDATION  STABILITY  TEST* ** *** 
_ 4"  hours  ■ 3  40C  deg.  F.«~* _ 

Tests  on  the  Original  Oil: 


Viscosity  ®  IOC  deg.  F.,  cs. 
Viscosity  3  210  deg.  F.,  cs. 
Neutralization  lie.,  mg.KOH/g. 


62.91 

9.17 

C.C4 


Tests  on  the  Oxidized  Oil: 


Viscosity  %  100  deg.  F.,  cs. 
Viscosity  §  21C  deg.  F.,  cs. 
Neutralization  No.,  mg.KOH/g. 
Evaporation  toss,  jo 
Appearance  after  oxidation: 
Increase  in  Viscosity  $  100  deg. 
Increase  la  Viscosity  §  210  deg. 


F.,  % 
F.,  $ 


2019 
Sc. 7 
15.10 
3.69 

Dark  brown;  very  viscous 
3100 

73  c 


Increase 
Sludge  ro 

in  Neutralization  No.,  ag.KOK/g. 

tained  on  1C  micron  millipare  filter,  mg. /IOC  ml. 

loss  of  Weight  of  Metals,  mg. /sc. cm: 

15.06 

inni 

Aluminum 

,  (QQ-A-355 ) 

c.oo 

Titanium 

(MIL-T-C09,r45E,  55  Mi) 

C'.CO 

•**** ***** 

Silver 

(MIUS-13252) 

0.1: 

*♦*■*•* 

Steel 

(Tool  Steel-T.’pe  M-1C ) 

^ 

Copper 

(QQ-C-57") 

1.61 

JHHHHMi* 

Magnesium 

(qc-m-Uc  ) 

r  ,oc. 

*  Washers  in  same  configuration  as  ir.  Micro  Oorrosion  Cbcidatica. 

**  Air  flow  13C-I.5  liters/hour.  Without  reflux. 

***  Cannot  be  filtered  thru  1C  micron  filter. 

****  Sold. 

*****  light  gold. 

******  Pri :ht  etching. 
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TABLE  XXIX 

SAMPLE  ELO-06-SI 


tour  Point,  dej,  F. 
Kinematic  Viscosity 


Specific  Gravity  3  0C/2C  de0.  F\, 

Spouts neous  Ignition  Ttec^crature,  de_,.  F. 

ASTW  D  PS6 

FVeporatior.  Test  (c>§  hoars  5  hot-  4^,  k,) 

*  to  5?v.  de;:«  !>o  flash  point  cc  served  „ 

-■'aerie  colled,  Xeavi.;^  trse  c-ulu  of  tbe  theme 


4C 


*  5 C  dej.  F.,  cs. 

1)1 0 

$  ICC  dej.  F.,  cs. 

0.;  > 

“  ?3C  de_j.  f.,  cs. 

11. ^ 

*  dc0.  ^ . |  cs. 

2.A 

5  4cc  dej.  F. ,  cs. 

Neutralization  'Junber,  nj.KOii/o. 

33.4 

flash  Point,  de^.  F.  (Cleveland  Open  CUp ) 

ICwfr 

n.  w 

th  1  s  teepera  lure 


toe 


J* 

l 


TA3LE  XXIX-COWn;«'UEC 
SAMPLE  KUMBH*  ELO-6o-5l 


H3CDRCLYTIC  STABILITY  TEST 


-R-544cB  -  45  hours  5  2CC  de. 


loss  of  weight  cf  copper,  r^./sq.cs: 
a.  Before  brushing 
fc.  After  brushing 


Appearance  of  copper: 

a.  Before  brsbiug 

b.  After  brushing 


Ehr/.  tarnish-3 
Sark  tarnish -3 


irais: 


Vlacoait.  2  1TC  deg.  F.#  cs. 

a.  Original  staple 

b.  After  test 

c.  f?  ebesge 


2n.2C 


+c«03 


trail to lion  .&•,  rV). 

a.  Via  ter  layer 

b.  Organic  layer 

Original 
AT ter  test 
Decrease 


Insoluble  notarial  in  oil  layer,  t 


TABLE  XXIX- CONTINUED 
SAMPLE  KUMLE?,  '  r .*rmCn  jx. 


VAPOR  PRESSURE  BY  ISOTENISCOPE 


250 

300 

35C 

400 

43C 

5C0 

550 

575 

No  decomposition  was  observed. 


Pj  bp  H 
0.1 

0.8 

3.6 

13.3 

43 

no 

265 

620 

890 
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URE,  mm  Hg 


600  500  400  300  250 

TEMPERATURE, °F 

FIGbTH  116.  VAPOR  PRESSURE  01  EL0-66-S1. 
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TABLE  XXX 


SAMPLE  NUMBER  EL0-66-109 


Kinematic  Viscosity,  ASTM  D  445-65 . 

a.  @  20  deg.  F.,  cs. 

b.  @  100  deg.  F.,  cs. 

c.  @  210  deg.  F.,  cs. 

Flash  Point,  deg.  F.  (Cleveland  Open  Cup) 

Fire  Point,  deg.  F. 

Pour  Point,  deg.  F. 

Spontaneous  Ignition  Temperature,  deg.  F. 

(ASOM  D  286) 

Copper  Strip  Corrosion  (72  hours  @  250  deg.  F. ) 
MLI~H-5606b 


2703 

71.93 

7*58 

410 

470 

25  below  0 

685 

Dark  tarnish- 3B 


Rubber  Swelling,  j*  ("L"  Stock,  MJL-H-5606B) 


10.26 


TABLE  XXX-COOTINUED 


SAMPLE  NUMBER  EL0-66-IQ9 


CORROSION  AND  OXIDATION  STABILITY  TEST 
168  hour 8  ®  250  deg*  F,  -  M£L-EU56o6b* 

Tests  on  the  Original  Oil: 


Viscosity  9  130  deg.  F.,  cs.  31.88 

Neutralisation  No.,  mg.KDH/g.  Less  than  O.Ol 

Tests  on  the  Oxidized  Oil: 

Viscosity  9  130  deg.  F.,  cs.  32.28 

Neutralisation  No.,  mg.KDH/g.  0.04 

Evaporation  Lots,  >  O.59 

Appearance  after  oxidation:  Very  light  amber;  no  precipitate 

Increase  in  Viscosity,  i  1*3 

Increase  in  Neutralisation  No.,  mg.HQB/g.  0.034 

Loss  of-  Weight  of  Metals,  mg./sq.cm: 

Magnesium  0.00 

Alwinum  0.00 

Copper  0.00  ** 

Cadmium  0.01 

Steel  0.00 


*  Air  flow  5  £0.5  liter b /hour.  With  reflux. 

**  Moderate  taroiah-2E. 


TASLE  XXXI 


SAMPLE  NUMBER  ELO-66-117 

CORROSION  AND  OXIDATION  STABILITY  TEST 
72  hours  g  347  deg.  F.  -  Mtt».L-007808F» 

\ 

Tests  on  the  Original  Oil: 

Viscosity  @  ICC  deg-  F.,  cs.  02.73 

Neutralization  No.,  mg.KQH/g,  0,03 

Teste  on  the  Oxidized  Oil: 

Viscositv  'S  IOC  deg.  F.,  cs.  70.43 

Neutralisation  No.,  mg.KOH/g.  2.39 

Evaporation  Loss,  $  1.11 

Appearance  after  oxidation:  Dark  reddish  brown;  no  precipitate 

Increase  in  Viscosity,  $  12,3 

Increase  in  Neutralization  No.,  ng.KQIV'g.  2.36 

Sludge  retained  on  10  micron  adHipore  filter,  mg./ 100  ml.  0.14 

Loss  of  Weight  of  Metals,  mg. /sq.cm: 

Magnes:.um  0.00 

Aluminum  0.00 

Copper  0.10  ** 

Silver  C.02  *** **** 

Steel  0.00  *♦** 

*  Air  flow  5  -0.5  liters/hour.  With  reflux, 

**  Moderate  tarnish-2E,  etched. 

***  Light  gold. 

****  Purple  and  gold. 
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TABLE  XXXT -CONTINUED 


TABLE  XXXI- CONTI NUED 


SAMPLE  HUMBER  SLO-6b-U7 

CORROSION  AND  OXIDATION  STABILITY  TEST* 
_ 4-q  hours  §  400  deg.  F.** _ 


Tests  on  tbe  Original  Oil: 

Viscosity  @  100  deg.  F.,  cs.  62. 73 

Viscosity  3  210  deg.  F.,  cs.  £.14 

Neutralization  No.,  mg.KOH/g.  C.03 

Tests  on  tbe  Oxidized  Oil; 

Viscosity  @  IOC  deg.  F.,  cs.  93»29 

Viscosity  @  210  <icg.  F.,  cs.  11. 6P 

lb  tralization  No.,  mg.KOH/g.  '  v  3*15 

Evaporscion  Loss,  $  3*54 

Appearance  after  oxidation:  Dark  '•eddish  brown;  no  precipitate 

Increase  in  Viscosity  @  100  deg.  F.,  i>  48.7 

Increase  in  Viscosity  @  21C  deg.  F.,  $  27.8 

Increase  in  Neutralization  No.,  mg.KOH/g.  3*15 

Sludge  retained  on  10  micron  millipore  filter,  mg./ IOC  ml.  O.o3 

Loss  of  Weight  of  Metals,  mg. /sq.cm: 

Aluminum  (QQ- A-335 )  0.00 

Titanium  (MTL.T-C09046B,  Z$  to)  ^.CC  *** 

Silver  (MIL-S-132q2)  C.  07 

Steel  (Tool  Steel-Type  Mv-lC)  0.00  **** 

Copper  (Qfe-C-57o)  0.11  ***** 

Magnesium  (Qft-M.44)  ■:>.<$ 

*  Washers  in  same  configuration  as  in  .icro  Corrosion  Oxidation. 

**  Air  flow  130-0.5  iiters/hour.  Without  reflux. 

***  Light  gold. 

****  Cold. 

*****  Moderate  taraish-2D. 


TABLE  XXXII 


SAMPLE  HUMBER  ELC^6^-lt> 


Copper  Strip  Corrosion  (72  hours  @  250  deg.  F. ) 
MIL-H-5606B 

Kinaootic  Viscosity: 

@  0  deg.  F.,  cs. 

<9  100  deg.  F.,  cs. 

@  130  deg.  F.,  cs. 

9  210  deg.  F.'f  cs. 

@  275  deg.  F.,  cs. 

CORROSION  AND  OXIDATION  STABILITY  TEST 
168  hours  8  250  deg.  F.  -  MU^&-56o6B* 

Tests  00  the  Original  Oil: 

Viscosity  8  130  deg.  F.,  cs. 

Neutralization  No.,  ag.KOB/g. 

Tests  the  Oxidized  Oil: 


Viacosity  8  130  deg.  F.,  cs. 

Neutralization  No.,  ag.KOB/g. 

Evaporation  Lose,  f 

Appearance  after  oxidation:  Water 

Increase  in  Viscosity,  i 

Increase  in  Neutralization  No.,  ng.KCB/g, 

Lpcs  of  Weight  of  Metals.  ag./sq,.ca: 


Mignesiuu 

Aluminum 

Copper 

Qadsiua 

8teel 

•  Air  flew  5  ^0.5  liters /hour.  Wi*b  reflux. 
**  Dark  temish-3B. 


Moderate  tarnisb-2C 


2, 508 
24.39 
H.63 
3.14 
1.64 


11.63 

o.ie 


12.77 

0.31 

1.51 

white;  no  precipitate 

9*9 

0.13 


0.00 
0.00 
0.00  « 

0.01 

0.0c 


TABLE  XXXI II 

SAMPLE  fflflSER  ELO-6?-l6 


Kinematic  Viscosity: 

<§  100  deg.  F.,  os.  71*83 

§  120  deg.  F.,  cs.  31*90 

§  210  deg.  F.,  cs.  7.62 

Flash  Point,  deg.  F.  (Cleveland  Qpen  Cup)  42^ 

Fire  Point,  deg.  F.  465 

Spontaneous  Ignition  Temperature,  dsg.  F. 

(A8TM  D  266)  670 


TAELE  XXXI V 


SAMPLE  NUMEER  ZLQ-j7-21 


Copper  Strip  Corresiou  (72  Lours  250  '’ej.  F. ' 

MIL-K-5vC«3  Dark.  tarniab-3A 


CORROSION  AI£D  OXIiVOTON  STAIILil  t  TEST 
13?  hours  $  250  dc^.  F«  -  MU.  oGoS* 

Test?  or.  the  Original  Oil: 


Viscosity  j  13c  der,.  F*,  cs.  Il*‘y3 

Neutralization  No.,  faj.KOH/g.  t.C** 

Teats  on  the  Oxidised  Oil; 

Viscosity  %  I3C  dej.  F.,  cs.  13^ 

Neutralization  No.,  rag.KQIi/g.  0.C7 

Evaporation  Losr,  %  2.7^ 

Appearance  after  oxidation:  Moderav.  aorer;  no  precipitate 

Increase  ir.  Viscosity,  $  H 

Increase  in  Neutralization  !«o.,  &£.K0H/,;«  v.C3 

loss  of  Wcijbt  of  Metals,  ah./sq.cor 

Ma.-r.e3i*»  C  .to 

Aluninur.  C.X 

Corner  C .  C€  ** 

Usdn-uc  C.cl 

Steel  .  C.CC 


*  Air  flow  5  tz.'j  liters, he -sr.  Vi*b  reflux. 

*•  Dark  taruish-3?* 


i 


TABLE  XXXV 


SAMPLE  NUMBER  EL0-S7-22 

Kineinatic  Viscosity,  ASU4  D  445-op: 

a.  '&  100  deg.  F.,  cs. 

b.  3  210  deg.  F.,  cs. 

Saytolt  Viscosity,  AS1M  D  88-56: 

a.  3  100  deg.  F.,  SUS 

b.  @  210  deg.  F.,  SUS 


163.98 

15.31 

756 

80.0 
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TABLE  XXXVT 


SAMPLE  MARKED  FLASH  POINT,  DEE.  F.  FIRE  POINT,  DBS.  F. 

_  ( CLEVELAND  OPEN  CUP)  _ 

ELO-67-23  385  480 

1st  sample 


ELO-67-23  405  485 

^22-67 

v  ^submitted ) 
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TABLE  XXXVI -cam  NUED 


SAMPLE  NUMBER  &0-O7-23 


flash  Mat,  deg.  F. 

375 

Fire  Bsint,  deg.  F. 

480 

Spontaneous  Ignition  Temperature,  deg.  F< 

ASTM  D  286 

720 
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TABLE  XXXVII 


SAMPLE  mgggt  ELO-67-35 

Flash  Point,  deg.  F.  (Cleveland  Open  Cup) 

Fire  R>int,  deg.  F. 


CCRR06TT!  AND  OXHATICfl  STABILITY  TEST 
48  hours  8  347  deg.  F. ,  per  KII^B.27601  « 

Tests  oo  the  CkigLnal  Oil: 

Viscosity  §  100  deg.  F.,  cs. 

Neutralisation  Ho.,  ag.KOE/g. 

Tests  oa  the  Chcldlxed  Oil: 

Viscosity  9  100  deg.  F.,  cs. 

Neutralisation  Ho.,  ag.KCE/g. 

Evaporation  Loss,  $ 

Appearance  after  oxidation:  Sark  anfcn 

Increase  in  Viscosity,  f 

Increase  in  Heutralization  Ho.,  aeg.KQB/g. 

Loss  of  Weight  of  Metals,  ag./ sq.cn: 

#350  Stainless  Steel 

#355  Stainless  Steel 

#440  Stainless  Steel 

Copper 
Silver 

Sludge  retained  oo  .10  adcron  aiUipore  filter,  ^g./lOO  al. 

*  Air  flew  5  to.‘5  liters /hour.  With  reflux. 

**  Gold 
**•  Light  gold 

****  Dark  tarnish  38;  bright  etching 


400 

460 


25.54 

0.04 


38.65 

2.56 

1.57 

;  no  precipitate 
12.2 
2.52 


0.00  ** 
0.00  *** 
0.00  ** 

0.20  *♦** 
0.01 

0.5 
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TABLE  XXXVIII 


SAMPLE  NUMBER  ELO-67-49 


Spontaneous  Ignition  Tenperature,  deg*  F. 
(ASTM  D  266) 


TABLE  XXXIX 


SAMPLE  NUMBER  EL0-67-50 
Specification  MXL-H-56o6B 


Kinematic  Viscosity: 

a.  $  -40  dag.  F., 

b.  *  100  deg.  F., 

c.  8  130  deg.  F., 

d.  9  210  deg.  F., 


75  dag.  f 


cs. 

ca. 

ca. 

ca. 


Foaming  Tendency: 
tom  volne*,  ml. 
at  end  of  5  min. 
blowing  period 

Traces 


2,286 

16.94 

10.03 

3.73 

Below  85  below  0 
435 
490 

6?5 

Dirk  t*rniab«3B 

Foam  Stability: 

Foam  volume,  ml. 
at  end  of  10  min. 
settling  period 

0  after  3  seconds 


Pour  Boint,  deg.  F. 

flash  Point,  deg.  F.  (Cleveland  Open  Cup) 

Fire  Paint,  deg.  F. 

Spontaneous  Ignition  Tampereture,  deg.  F. 

(ASM  D  286) 

Copper  Strip  Ooarrceion  (72  boars  9  250  deg.  F. ) 

FOAMING  TEBT 

Tmoerature 


Rubber  Swelling,  $  (TLM  Robber)  6.70 

Brspcratioo  That  (4  hours  •  150  deg.  F. )  Fusses  -  Oily,  act  bard  or  tacky 


2QI 


TABLE  XXm-CCHTIHUED 


Teats  on  the  Original  Oil: 


Viscosity  9  ICO  deg.  F.,  cs. 
Neutralization  No.,  mg.KQB/g. 


17.01 

C.03 


Taste  on  the  Oxidized  oil: 


Vlacoalty  9  100  deg.  F.,  cs.  17* ** •**15 

neutralisation  No.,  mg.KOH/g.  0.U9 

Evaporation  Loss,  >  1.02 

Appearance  after  oxidation:  Moderate  amber;  no  precipitate 

Increase  in  Viscosity,  $  0.8 

Increase  in  Neutralisation  No.,  mg.KOH/g.  0.46 


#350  Stainless  Steel 
Titanium 

#440  Stainless  Steel 

Copper 

Silver 


0. 

0. 

0. 

0. 

0. 


Sludge  retained  an  10  ad  croc  sdllipore  filter,  ng./lOO  ml*  1.1 


•  Air  flaw  5  -C.5  liters/hour.  With  reflux. 

**  Light  gold 

•**  Madera  te  tamiah-2E 
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TABLE  mix- cam KUED 


SAMPLE  ’HJMBER  ELO-67-5Q 

CORROSION  AMD  OXIDATION  STABILITY  TEST 
168  hours  3  250  deg.  F.  -  MIL-B-56o6B» 

Tests  on  the  Original  Oil: 

Viscosity  3  130  deg.  F.,  cs.  10.03 

Neutralization  Mb.,  mg.KOH/g.  O.G5 

Tests  00  the  Cbcldized  Oil; 

Viscosity  6  Ip  deg.  cs.  10.08 

Neutralisation  Bo.,  qg.KGH/g.  0.05 

Evaporation  loss,  $  O.76 

Appearance  after  oxidation:  Straw  color;  no  precipitate 

Increase  In  Viscosity,  +  0.5 

Change  in  Neutralisation  So.,  ag.KCS/g.  O.X 

Loss  of  Weight  of  Metals,  ag./ sq.cm: 

Mgneslua  O.X 

Aluminum  O.X 

Copper  0.02 *  ** 

Oedadue  0.01 

Steel  O.X 

*  Air  floe  5  -0.5  liters/hour.  With  reflux. 

**  Moderate  tarnish -2E. 


TABLE  XXXI X-CCNT1 NUED 


SAMPLE  NUMBER  EL0-67-50 
SONIC  SHEAR  TEST  -  MIL-H-5606B 


Properties  of  Reference  Fluid 
Viscosity  @  130  deg*  F.,  cs: 


a.  Before  irradiation 

10.20 

b.  After  irradiation  of  30  ml. 
of  fluid  for  30  minutes 

8.71 

c.  %  change 

-14.61 

Viscosity  @  -4o  deg.  F.,  cs: 

a.  Before  irradiation 

480.2 

b.  After  lrradiaticn  of  30  ml. 
of  fluid  for  30  minutes 

433.0 

c.  %  change 

-9.82 

Properties  of  Staple 

Viscosity  130  deg.  F.,  cs: 

a.  Before  irradiation 

10.03 

b.  After  irradiation  of  30  ml. 
of  fluid  for  30  minutes 

9.98 

c.  %  change 

-0.48 

Viscosity  $  -bo  deg.  F.,  cs: 

a.  Before  irradiation 

2, 

b.  After  irradiation  of  30  ml. 
of  fluid  for  30  minutes 

2,263 

c.  %  change 

-1.0 

Neutral! ration  No.,  mg.BOH/g. 

a.  Before  irradiation 

0.05 

b.  After  irradia;4oo  of  30  ml. 
of  fluid  for  3C  minutes 

0.02 

c.  change 

0.03 
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TAELE  XI. 


SAKPL8  BWBBB.  &L&-67-54 
Sggclficatloc  KCUS»56o6g 


Bout  Point,  deg.  7. 

Add  Slather,  ag.KCH/g. 

Specific  Gravity  #  60/60  deg.  F. 

Kinematic  Viscosity: 

a.  ec  -20  deg.  ?«,  e*. 

b.  et  3.00  deg.  F.,  es. 
e.  at  210  deg.  F.,  ce. 

Copper  Strip  Cbrrodoo  (72  hours  $  250  dag.  F. ) 


30  below  0 

0.C4 

1*9182 

1,795 

14.72 

2.70 

Dark  tarnish- 3B 


FOAMUC  TBBT 

—  ■  . . . . . 

FboniDg  Tendency ; 
Fow  volume,  ml. 
at  aod  of  5  do. 
blurring  period 


votm  Stability: 
Fbe»  volume,  ml. 
at  end  of  10  min. 
settling  period 


75  *•*.  F. 


20 


0  after  25  second* 


vxsccem  ariamrY  (72  bows  3  -ao  ok.  r) 

acja 

0 

3 

-4 

46 

72 


viscosm,  c«. 

1,795 

1,814 

1,823 

1,623 

1,825 
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TABLE  XL-CGKTIKUZD 


SAMPLE  SUCBt  BX>-67-3» 


CCRRQBIOB  AND  OXIDATION  STABILIT'  TfflT 
168  boor*  a  250  deg.  F,  -  HtUS-S6o6.9» 


Theta  op  tlx  Original  Oil: 


Vlecoalty  $  100  deg,  F.,  cs. 

14.72 

Neutralization  No.,  ag.KQH/g. 

0.04 

Teat*  on  the  Ctcldlaad  Oil: 

Vlecoelty  9  100  deg,  F.,  cs. 

16.10 

Neutralization  No.,  ag.RCB/g. 

0.04 

Sraporatloo  Loes,  % 

2.1 

Appear eace  after  oxidation:  Water  white, 

no  precipitate 

Snereeaa  la  Vlecoelty,  $ 

9.4 

Xncraaea  la  Naotralleatloo  No.,  ag.KGB/g. 

0.00 

loaa  of  weiafat  at  ifcuii,  ■g./ea.oa: 


Itegoealun 

0.00 

Altwlnun 

0.00 

Copper 

0.01  ** 

Ottfadia 

0.02 

Steel 

0.00 

*  Mr  now  5  tc.5  11  ter* /hour.  Mlth  reflax. 

**  Moderate  tamiah-2A 
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TABLE  XLI- CONTINUED 


SAMPLE  ilUMBra  MCG-66-303 
_  GREASE _ _ 

Test  Conditions :  Temperature: 

Cycles /minute 

Angle  of  Oscillation,  deg r 

Load,  lbs: 

Cycles  to  Fajjure 

Run 

1 

2 

Average  of  runs  1  and  2 


425  -  10  deg.  P. 
250 

10 

4000 


Cycles 

102,482 

111,685 

lo7,033 
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TABLE  XLI- CONTINUED 


SAMPLE  NUMBER  MOO-66 -3C'3,  RUK  HO*  1 


OSCILLATING  BEARING  TEST 
AESRP-6  BEARINGS 


425  deg.  F.,  4,000  lb.  load; +s topped  automatically  after 
102,482  cycles;  oscillation  -  1CT;  no  relubrication. 

Bottom  Bearing: 

Rollers  no  fracture: 

heavy  spalling; 

severe  plastic  deformation; 

heavy  wear. 


Inner  Race 


no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
heavy  wear. 


Outer  Race 


no  fracture; 
heavy  spalling; 
moderate  plastic  deformation 
heavy'  wear. 


Top  Bearing: 


Rollers 


no  fracture; 
moderate  spalling; 
no  plastic  deformation; 
heavy'  wear. 


Inner  Race 


Cuter  Race 


no  fracture; 
moderate  spalling; 
no  plastic  deformation 
heavy  vear. 

no  fracture; 
light  spalling; 
r.o  plastic  deformation; 
heavy  veer. 


Note:  Thermocouples  for  measurement  ana  control  of  tempera tire 
were  welded  to  the  inner  races  of  noth  bearings. 
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TABLE  XLI-COHTIWUED 


SAMPLE  mffi  MCG-56-303,  RUN  NO.  2 

OSCILLATING  BEARING  TEST 
AE6RP-6  BEARINGS 


'*2$  deg.  F.,  4,OCC  lb.  loadj^stogped  automatically  aft«r 
lll,ff>5  cyclen;  oscillation  -  10;  no  ralubrl cation. 

Bottom  Bearing: 


Rollers 

no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
heavy  wear. 

Inner  Race 

no  fracture; 
heavy'  spalling; 
severe  plastic  deformation; 
heavy  vear. 

Outer  Race 

ho  fracture; 
heavy  spelling; 
moderate  plastic  deformation 
heavy  vear. 

Top  Bearing  * 

Rollers 

no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
heavy  vear. 

Inner  Race 

no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
heavy  vear. 

Outer  Race 

n$  fracture; . 
moderate  spalling; 
saae  plastic  deformation; 
heavy  vear. 

fate :  Ibersocouplea  for  jeas-jrescfit  ard  control  of  te«jpereture 
were  welded  to  the  inner  races  of  both  bearing*. 
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TABLE  XLII 


SAMPLE  IAJI-3ER  KCG-uo-334 


MEAN  HHtTZ  LOAD 
Rock  Island  Arsenal  Method 


Lo*d»  k3«  Scar  diameter,  an.  Corrected  load,  k^« 


2k 

0.227  * 

21.C56 

32 

C.32r 

26.951 

40 

^•350 

34.114 

5C 

1.22S 

12.4&4 

63 

1.519 

14.404 

SC 

1.953 

15.412 

ICC 

2.45 

16.53$ 

126 

WELD 

Total  A  140.560 

I4O.90C  ♦  6k, 31 

*  Mean  Hertz  Load 

20. c 

io 

*  Ho  seizure 
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TABLE  XLII-CCHTIHUED 


SAMPLE  NUMBER  MOG-66-33'* 

_  GREASE 

»»25  t  10  deg.  P. 
250 
10 
400C 


Tteat  Conditions:  Temperature: 

Cycles /-ainute 

Angle  of  Oscillation,  deg: 
Load,  lbs: 


Cycles  to  Failure: 


Ron  Cycles 

1  139,365 

2  223,349 

Average  ot  itms  1  and  2  206,P57 
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table  jam 


SAi-iPLE  ;.Ugg:  MCO-S3-335 


KEAil  HERTZ  LOAD 
Rock  I aland  Arsenal  Method 


Load,  k&. 

Scar  diameter,  ns* 

Corrected  load 

r- 

0.33  - 

35.533 

50 

* 

1^.173 

•33 

C.4-3 

*5.300 

SO 

C.56C 

53.750 

100 

C.531 

39.7^ 

12o 

C.751 

39.722 

loG 

C.r^o 

?5.29r 

see 

I.092 

53»**9e 

£5C 

1.12C 

122.o7: 

315 

1.21- 

j >c.oCc 

Ttotal  A  739.7" C 

1.51r 

loS^>i* 

VELD 

Average  R  "*.727 

^.72?  ♦1.4  ^071,,. 

_  •  Hsan  riart*  Load  ^>.5 

*  :o  seizure. 
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TABLE  XLUI -CONTINUED 


SAMPLE  NDMFJER  MCG-66-325 
_ (KEASE _ 

Test  Conditions:  Tea^er-ture;  **25  -  10  deg.  F. 

Cj cles/oinute  21)0 

Angle  of  Oscillation,  deg:  10 

Load,  lbs:  <*CCO 

Cycles  to  Failure: 


Run  Cycles 

1  256,529 

2  209, ’*33 

Avers se  of  runs  1  sod  7  232,98! 


TABLE  XLII I -CONTINUED 


i 


! 


| 


I 


l  • 


SAMPLE  NUMBER  MOG-66-335,  BUI.'  >10.  1 


OBdLLATIIC  BEARING  TEST 
AD6RP-6  BEARINGS 


Botton  Bearing: 

Rollers  no  fracture; 

no  spalling; 
no  plastic  1«  foresail  on; 
noderate  wear. 

Inner  Race  no  fracture; 

no  spalling; 
no  plastic  deformation; 
moderate  veer. 


Outer  Race 


Ttop  Bearing: 
Rollers 


Inner  Race 


Outer  Race 


no  fracture;  j 
no  spalling;  ] 
no  plastic  deformation;  I 
heavy  wear. 


ao  fracture; 
no  spalling; 
no  plastic  deformation; 
moderate  wear. 

no  fracture; 
light  sparling; 
no  plastic  deferaatioo; 
eccerate  wear. 

ao  fracture; 
light  spa UhB; 
ao  plastic  deformation; 
heavy  vesr. 


Note:  Thermocouples  for  eessuresasr.t  and  control  of  tcajerst-re 
were  welded  to  the  inner  races  of  «<jth  t«ariogs. 
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TABLE  XLHI.CqfriBUB) 


SA.--TLE  HUBCSB  H0G^6-233*  RUH  SO*  2 


OSCILLATIMJ  BBARIX  TEST 
ADBRP-o  BEARHC8 


h25  deg*  F*, 

2C^1J*33  cycles;  os 

lb.  load; ^stopped  automatically  after 
cillstloc  -  It  ;  no  relubricatlon. 

Bot ton  Bearing: 

Rollers 

no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
neavy  wear. 

Inner  Race 

no  fracture; 

heavy  spalling; 

severe  plastic  deformation; 

heavy* 

Outer  Race 

no  fracture; 
heavy  spalling; 
aodexste  plastic  deformation 
heavy  wear. 

Top  Bearing: 

Rollers 

no  fracture; 
light  spalling; 
oc  plastic  deformation; 
moderate  veer. 

Ixwer  Race 

oo  fracture; 
light  spalling; 
co  plastic  deformation ; 
heavy  mr. 

Outer  Race 

oo  fracture; 
light  spalling; 
no  plastic  deformation; 
baavy  veer. 

Hot*:  Thermocouples  ior  eessuremcot  and  control  of  temperature 
wcr«  v«ld«d  to  the  loner  rare*  of  hot b  boar  lege. 


2\i 


TABLE  gjgg 

swats  safe” 


mm  man  mid 

Hbeh  Mini  Ar—txtl  Ittg 


load,  ks.  8ear  diaaatar.  ■ 

ju 

oonraetad  load 

fee  0.33^ 

35.536 

%  C.364 

fefe.176 

03  0.37S 

57.884 

8c  o.fel3 

72.581 

icc  G.46? 

36.3*6 

123  0.497  * 

U1O.966 

16c  C.S03 

83.976 

2CC  1*071 

95.331 

25c  VSLD 

Total  A 

537.146 

Ujo.y:  ♦  587.15  •  1044.04  -  Hm»o  Hart*  load 

104,4 

*  So  »tl»ur« 
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TABLE  XLIV- CONTINUED 


SAMPLE  NUMBER  MCC-66-336 
_ GREASE _ 

Teat  Conditions:  Temperature:  L?5  -  1C  deg.  F. 

Cycles/minute  ?%' 

Angle  of  Oscillation,  deg:  10 

load,  lbs:  *<000 

Cycles  to  Failure: 


Run  Cycles 

1  2<3,375 

2  1U1,222 

3  150,295 

Average  of  runs  1,  2  and  3  173,297 
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is  ‘*ixriJaacSata£Xai&aaA  aaia  an iSfUSd  .V. 


Top  Bearing: 
Boilers 

Inner  Bftce 

Outer  £ace 


no  fracture,; 

sobs  spalling; 

no  plastic  deforosatior,; 

neavy  veer. 

tic  fracture; 

300*  spelling ;  • 
no  plastic  deforaatioo; 
ooderste  ve*r, 

no  fracture; 
ei-odcrste  spall  in,.;  ■ 
so  plastic  defcrr^viomi 

heavy  v«*r . 


Bote: 


Ttoreccoupl**  for  wswwrwwol  «*»d  control  of  temperature 
vere  welded  tc  the  inner  race*  oV  setl  be*rlsc&. 
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TABLE  XLIV- CONTINUED 


SAMPLE  fflKBB  HDG^Sq-336,  RUM  MO,  2 


06QLLATING  BEARING  TEST 

adbrp-6  bearings 


425  deg.  F.,  4,000  lb.  load; 
141,222  cycles;  oscillation 

^stopped  automatically  after 
-  10;  no  relubrication. 

Bottom  Bearing: 

Rollers 

no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
heavy  wear. 

Inner  Race 

no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
heavy  wear. 

Outer  Race 

no  fracture; 
heavy  spalling; 
severe  plastic  deformation; 
heavy  veer. 

Top  Bearing: 

Rollers 

no  fracture; 
some  spalling; 
no  plastic  deformation; 
moderate  veer. 

Inner  Race 

no  fracture; 
ooderete  spalling; 
no  plastic  deformation; 
heavy  veer . 

filter  Race 

no  fracture; 
moderate  spalling; 
no  plastic  deformation; 
heavy  veer. 

Set*:  Thermocouples  for  measurement  end  control  of  tes^perature 
were  veldad  tc  tbe  inner  races  of  both  bearings. 
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TABLE  XLIV-COmNUED 


SAMPLE  Macro  MOO-66-336.  RUB  HO.  3 

OBOLUISIIC  BKAR1BG  TEST 
ADSRP-6  bkakucs 


425  deg*  F.,  4,000  lb.  load;  stopped  automatically  after 
150.295  cycles;  osclllatloc  -10  ;  do  :relubrl  cation . 


Bottom  Bearing ; 
Boilers 


Inner  Race 


Outer  Race 


Top  Bearing: 
tallara 


no  fracture; 
heavy  spalling; 
severe  plastic  defamation; 
heavy  near. 

no  fracture; 
heavy  spalling; 
severe  plastic  defamation; 
haavy  wear. 

no  fracture; 

■odarete  spalling; 
aodarate  plastic  defamation; 
heavy  veer. 


no  fracture; 
sons  spalling; 
no  plastic  defamation; 
aodarate  vear. 


Inner  Beet 


Outer  Jteca 


no  fracture; 
sons  spalling; 
no  plastic  deforaatlon; 
heavy  veer. 

no  fracture; 
scaa  spelling; 
no  plastic  defamation; 
heavy  vear. 


Note:  Thermocouples  for  measurement  and  control  of  teaparatura 
vere  welded  to  the  inner  races  of  both  bearings. 
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Air  Force  Materials  Laboratory 
Air  Force  Systems  Command 
|  Wright-Patterson  Air  Force  Base,  Chic 

»»  '  1  "  ■  j 

Spontaneous  ignition  phenomena  have  been  evaluated  for  eight  experimental  hydraulic 
fluids.  The  technique,  of  thermoelectric  flame  detection  has  been  used  to  determine  the 
minimum  spontaneous  ignition  temperature  for  each  system  in  air  at  one  atmosphere 
pressure.  Differential  thermal  analysis  has  been  employed  for  the  study  of  the  thermal 
and  oxidative  degradation  of  two  experimental  lubricants  in  the  presence  of  several 
e&v-tal  oxide  catalysts.  Six  other  lubricant  systems  without  added  catalytic  agents  have 
been  subjected  to  differential  thermal  analysis  to  evaluate  their  resistance  to  thermal 
and  oxidative  decomposition.  The  standard  KIL-B-27601A  constant  temperature  thermal 
stability  apparatus  has  bean  modified  to  permit  the  measurement  and  recording  of 
pressures  developed  during  the  course  of  the  test.  Several  materials  have  been  evalu¬ 
ated  by  means  of  the  modified  procedure.  The  chemical  and  physical  properties  of 
various  lubricants  and  hydraulic  fluids  have  been  determined.  Emphasis  has  been 
directed  but  not  exclusively  confined  to  the  stuiy  of  properties  which  are  related  to 
the  attainment  of  effective  lubrication  at  elevated  1 etaperatures. 
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Laboratory,  Wright-Patterson  Air  Force  Base,  Chio  L5U33. 
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